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PART 4.—A STUDY OF THE STRUCTURAL ACTION OF SEVERAL TYPES OF TRANSVERSE AND 


HE SIGNIFICANCE of deflection data in connec- 
tion with tests of the structural action of joints is 
a matter about which there seems to be a difference 


of opmion. A brief dis- 
cussion of it at this point 
is pertinent. 

The successive changes 
in curvature of the deflec- 
tion (or elastic) curve of 
the slab are values of slope 
which, if determined with 
sufficient frequency and 
precision, may be used to 
form a slope curve. The 
changes in curvature of 
this slope curve, in turn, 
if determined with sufhi- 
cient precision, give values 
of moment, a direct meas- 
ure of stress. However, 
the determination of sec- 
ond differences, if these 
differences are to be signif- 
icant, must be based upon 
a precise knowledge of the 
shape of the basic curve 
and accurate methods of 
determination of the 
changes in curvature. 

It has not been found 
possible in this investiga- 
tion to measure slab cur- 
vature with sufficient pre- 
cision to permit the use of 
the deflection data as a 
basis for estimating abso- 
lute or even relative 
stresses at critical points. 
A comparison of the rela- 
tive deflections and of 
the relative stresses in 
the vicinity of a load ap- 
plied on one edge of two 
typical doweled joints will 
be shown later in this 
report and the data pre- 
sented illustrate the point 
which has just been made. 
It is felt that the deflec- 
tion data have definite 
value for certain purposes 
and complete deflection 
data were obtained in 
practically all of the tests. 


Main reliance has been placed upon the strain data, 
however, for comparisons that would show the relative 
structural efficiency of the various joints. 


1 Because of its length, Part 4 is presented in two issues of PUBLIC RoOAps. The 
first installment appeared in the September 1936 issue. 
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LONGITUDINAL JOINT DESIGNS—Coneluded ! 






purpose of reducing as much as possible the stresses 

resulting from causes other than applied loads in 
order that the natural stress resistance of the pave- 
ment may be conserved to the greatest possible extent 
for carrying the loads of traffic. 

A joint is potentially a point of structural weakness 
and may limit the load-carrying capacity of the entire 
pavement. 

Joints are classified by function as: 


J oure: are needed in concrete pavements for the one 


1. Those designed to provide space in which 
unrestrained expansion can occur. 

2. Those designed for the relief or control of 
the direct tensile stresses caused by re- 
strained contraction. 

3. Those designed to permit warping to occur, 
thus reducing restraint and controlling the 
magnitude of the bending stresses devel- 
oped by restrained warping. 


Expansion joints should be provided at no greater 
intervals than about 100 feet in order to keep the joint 
openings from becoming excessive. 

The spacing of contraction joints will be determined 
by the permissible unit stress in the concrete. If this 
is restricted to a low value, which is desirable, con- 
traction joints should be provided at intervals of about 
30 feet. 

It is indicated that joints to control warping should 
be spaced at intervals of about 10 feet. 

A free edge is a structural weak spot in a slab of 
uniform thicknesses, and it is necessary to strengthen 
the joint edges by thickening the slab at this point or 
by the introduction of some mechanism for trans- 
ferring part of the applied load across the joint to the 
adjacent slab. 

The doweled transverse joints investigated were 
quite effective in relieving stresses caused by expan- 
sion, contraction, and warping, but they were not 
particularly effective in controlling load stresses near 
the joint edge. 

The dowel-plate joint tested had merit as a means 
for load transfer, though it offered more resistance to 
expansion and contraction than is desirable. 

Aggregate interlock as it occurs in weakened-plane 
joints cannot be depended upon to control load stresses. 
Even when joints of this type are held closely by 
bonded steel bars there is wide variation in the critical 
stress value caused by a given load; therefore, it 
appears necessary to provide independent means for 
load transfer in plane-of-weakness joints. 

Tongue-and-groove joints held together by bonded 
steel bars were found to be the most efficient struc- 
turally of any of the joints studied. However, modi- 
fications of the designs might improve their action. 


as the total value 





Before presenting the results of the strain measure- 
ments made in connection with the joint tests, it is 
desired to call attention to two conditions that affect 


directly the precision of 
the efficiency values 
which appear later in this 
discussion. In the first 
place, it should be re- 
membered that the tests 
were made on specimens 
that were built and tested 
under field conditions. 
Certain unexpected vari- 
ations in the deflection 
and strain data have con- 
sistently appeared when 
certain sections or certain 
panels of a given section 
were tested. These indi- 
cate that variations in 
the strength of the speci- 
men or in the condition 
of support are present in 
spite of all the precautions 
taken to guard against 
them. 

In the second place, the 
criterion that has been set 
up as a measure of joint 
efficiency on the basis of 
the stress data, while 
sound in principle, has 
one practical weakness 
that should be recognized. 
Although the critical 
stress values as deter- 
mined from the strain 
measurements are of ap- 
preciable magnitude, 
being generally of the 
order of 250 to 350 pounds 
per square inch, when 
these values are used in 
the application of the effi- 
ciency formula the signifi- 
cant ratio is developed 
from differences in stress 
values, both in the nu- 
merator and in the 
denominator of the ex- 
pression. The differences 
naturally are of much less 
magnitude that the stress 
values themselves and the 


result is that the ratio of differences is very sensitive 
to small changes in the stress values from which the 
differences were obtained. 
determination that are quite unimportant, insofar 
the stress is concerned, 


Thus variations in stress 
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FiaguRE 31.—DEFLECTION AND STRESS VARIATION CURVES AT 
THE FREE AND Joint Epces or a TypicaL TRANSVERSE 
Dowe. Joint. Stress Vaturs ABove THE Axis INDICATE 
TENSION, AND Stress VaLuES BeLow THE Axis INpIcAaTE 
COMPRESSION IN THE Upppr SURFACE OF THE SLAB. 


may be sufficient to cause appreciable variations in the 
ratio by which the structural efficiency is measured. 

The stress values used in computing the efficiency 
values to be presented later were based on averages 
from tests made at not less than eight comparable 
points in order to minimize the effect of imdividual 
variations in the strain data and are believed to be 
quite well established. Still, a realization of the man- 
ner in which these values were derived will show the 
necessity for care in the use of individual figures, and 
will indicate the reasons for certain apparent incon- 
sistencies in the test data. 

The tests to determine the effectiveness of the va- 
rious joints in relieving slab stress were divided into 














four general groups for convenience in presentation, 
as follows: 

1. Tests to show the character of the stress and 
deflection variations parallel to the joint. 

2. Tests to determine the effect of the transverse 
joint design on the critical stresses caused by a load 
acting near a transverse joint, but at a distance from 
a corner. 

3. Tests to determine the effect of the longitudinal 
joint design on the critical stresses caused by a load 
acting near a longitudinal joint but at a distance from 
a corner. 

4. Tests to determine the effect of the different joint 
designs, both transverse and longitudinal, on the 
critical stresses developed by a load acting on a slab 
corner. 

Mention has already been made of the fact that, 
with a load acting at the edge of a pavement slab, 
it has been determined that the highest stress will be 
found directly under the load in a direction parallel 
to the edge of the slab. In making the stress measure- 
ments for loads applied at joint edges, the stress just 
mentioned is the critical stress, all others being of less 
significance. This critical stress was determined for 
each test at a joint edge and in addition the stress- 
variation curves were determined through the load 
position in a direction perpendicular to the joint and for 
sume distance back on each slab. 


REDUCTION IN DEFLECTION EXCEEDED REDUCTION IN STRESS 


While the stress variation along the edge of the slab 
is of interest for the comparisons to be made, it was 
not considered sufficiently important to justify the 
amount of work that would be involved if these data 
were to be obtained for every joint. Stress-variation 


data along the edge were obtained only for one trans- 


verse joint with the 18-inch dowel spacing (section 10) 
and for the longitudinal joint with the 24-inch dowel 
spacing (section 9). For these two joints data were 
obtained for a load applied midway between dowels, 
directly over a dowel, and at a free end. The varia- 
tions in stress on both the loaded panel and adjacent 
panel were determined in each case. 

The deflection variation and stress variation along 
the free edge and the two edges of the transverse joint 
in section 10 are shuwn in figure 31, while similar data 
for the longitudinal joint in section 9 are shown in 
figure 32. The method of grouping makes it possible 
more easily to make comparisons between the influence 
of the design on deflection and that on stresses, com- 
parisons that are of particular interest because they 
show why strain measurements furnish a better basis 
than deflection measurements for judging the ability 
of joints to perform their intended function of stress 
reduction. 

If the relations between free-edge deflection and 
loaded joint-edge deflection are compared and if a 
similar comparison is made between free-edge stress 
and that developed at the loaded joint edge, for each 
of the two joints, it will be found that reductions in 
deflection and reductions in critical stress are as 
shown in table 8. 

From these values it is apparent that the reduction 
in load deflection that is obtained witb either of these 
joint designs is not a measure of the reduction to be 
expected in corresponding critical stress values. 

If a similar study is made of the relative deflections 
and the relative stresses on the two sides of the joint 
when a load is applied on one of the sides, and ratios 
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Fiaurr 32.—DEFLECTION AND STRESS VARIATION CURVES AT THE FREE AND JOINT EpGES or a TypicaL LonarrupINAL Dowel 


JOINT. 
IN THE Upper SURFACE OF THE SLAB. 


are calculated which express the maximum deflection, 
or stress, in the adjacent edge as a percentage of that 
found in the edge on which the load was applied, the 
ratios will have the values shown in table 9. 

Again it is evident that the deflection relations are 
not a usable measure of the stress conditions that 
accompany them. The point is well illustrated in the 
ease of the longitudinal joint with the load applied 
directly over a dowel. The deflection curves of the 


Srress VaLuEsS ABOVE THE Axis INDICATE TENSION, AND StRESS VALUES BELOW THE Axis INDICATE COMPRESSION 


two slab edges are closely comparable, as nearly as 
can be judged by visual examination (see fig. 32), 
and the maximum deflection of each is identical. Yet 
the maximum stress in the loaded edge is more than 
twice that of the adjacent edge. This is direct evidence 
of the presence of changes in curvature that are not 
apparent in the deflection data and for which there is 
no dependable measure except strain data. Since the 
reduction of the critical edge stress is one of the chief 
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functions of the joint, this is a very important fact and 
it has a direct bearing on methods of testing joints for 
structural efficiency. It emphasizes the impossibility 
of forming sound judgments regarding the effect of 
joint designs on stress from deflection data alone. 
The reasons for this apparent anomaly have already 
been discussed. 


TaBLE 8.—Comparison of deflection reductions and stress reductions 





Trans- Longi- 
verse tudinal 
joint joint 

(section | (section 

10) 9) 
Load midway between dowels: Percent | Percent 
Reduction in maximum devlechlonoss]- -) a sas eee 49 60 
REGCUCHON IN MAXIM StOSS seen ee ee ee ee ee 12 23 
Load directly over a dowel: 
Reduction in maximum deflection_--..=..-.--2--=_---- 5 40 65 
ReGuUChon nanan sini Suvessa—=s= ee =e eee ere een 22 33 











TABLE 9.—Comparison of deflection ratios and stress ratios 
between the loaded and adjacent joint edges 








Trans- Longi- 
verse tudinal] 
joint joint 

(section | (section 

10) 9) 
Load midway between dowels: 
Ratio of deflections (adjacent vs. loaded edge)_-__________- 0. 58 0. 82 
Ratio of stresses (adjacent vs. loaded edge)---____--_______- .14 ays} 
Load directly over a dowel: 
Ratio of deflections (adjacent vs. loaded edge)_____-__- Ses . 58 1.00 
Ratio of stresses (adjacent vs. loaded edge)_______-______-- .16 45 














EFFICIENCIES OF VARIOUS TRANSVERSE JOINTS COMPARED FOR 
LOADS NEAR JOINT EDGES 


There are other interesting points brought out in 
figures 31 and 32. The concentration of the critical 
stress along these joints is very clearly shown by the 
stress-variation curves. It will be noted that for these 
spacings practically all edge stress of any magnitude 
occurs within a distance of two dowel spacings in the 
case of a load applied over a dowel and within three 
dowel spacings for a load applied between dowels. 
The distribution of the deflection is much greater. 

The position of the load with respect to the dowel 
not only affects the distribution of the stress but also 
the magnitude of the critical stress, the highest value 
being observed when the load was midway between 
the dowels, in each of the joints tested. 

In comparing the data in figure 31 with the com- 
parable data in figure 32 the greater stiffness of the 
longitudinal joint is evident both in the deflection and 
the stress relations. Because of the presence of the 
bonded bars a resisting moment is developed during 
the deflection of the longitudinal joint which accounts 
for the fact that a deflection reduction of more than 
50 percent is obtained. The data indicate that the 
presence of this resisting moment has no important 
effect on the stresses in a direction parallel to the joint 
edge although it does affect the stresses in a direction 
perpendicular to the joint edge. The effect of the 
close proximity of the two slab edges in this joint is to 
make the steel bars more effective as shear units and 
this causes greater stress reduction, particularly when 
the load is applied over a dowel. This is shown by 
the comparative values in tables 8 and 9. 

Finally, it is to be noted that for joints such as these 
the stresses developed parallel to the joimt in the 
edge of the adjacent slab are relatively quite low in 
magnitude. 








The data which have just been presented serve two 
important purposes; first, they illustrate the necessity 
for stress determinations in a study of joint action; 
and second, they give a general picture of the stress 
conditions along the edge of the slab which is helpful 
in connection with the discussion of the other stress 
data which follow. 

Figure 33 shows stress values, as determined from 
strain measurements in the vicinity of the load applied 
at the edge of a slab, either at a transverse joint 
(point G) or at a free edge (point I), for the purpose of 
studying the structural efficiency of the various joints 
from the standpoint of their ability to control critical 
load stresses. The method of placing the loads and of 
measuring the strains was previously explained in 
connection with figure 8. The curves connecting the 
circles show the stress variation along a line perpen- 
dicular to the joint and passing through the center of 
load application. The single values shown by the 
crosses indicate the maximum values of the stress at 
the edge of the slab in a direction parallel to the joint. 
These stresses reach a maximum at the point of load 
application in those cases where the load is at some 
distance from a corner. 

In figure 8 points G and I are shown on the longi- 
tudinal centerline of the panel. Tests were made at 
these points and at many other points along the 
transverse joint or free edge and it was found that 
the edge condition shown by the typical data in figure 
33 apples at all points along the edge except within 
a distance of approximately 3 feet of a corner. Within 
this distance there is a gradual transition from the 
edge to the corner condition. For the corner condition 
the bending stress under the load is negligible and the 
critical stress is found to be a tensile stress at some 
distance from the load and along the bisector of the 
corner angle. 

The data in figure 33 show that the most important 
stress to be controlled by a transverse joint for a loading 
such as that at point G is that occurring directly under 
the load and in a direction parallel to the slab edge. 
Using the method of calculating structural efficiency 
from stress values that was described earlier in this 
report, the average values for each of the joints were 
determined. These values as given in table 10 are not 
based on the data shown in figure 33 together with 
the corresponding data for the center of the slab, but 
upon similar and much more extensive tests in which 
only the strains occurring directly under the load were 
measured. 





TABLE Efficiencies of the various transverse joints for control- 
ling the stresses caused by loads placed near the joint edges 





Joint efficiency 





Test Spac- 


‘ Joint 
sec- Me; + ing of Aver- 
hon Type of joint dow- | 0pen- ee age roe Bee 
no. els Ing | Winter Loe (vari- aeald tween 
ous sea- dowels 
sons) 





Inches Inches Percent | Percent | Percent | Percent | Percent 
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1 | Thickened end___ 
8 Dowel-_- 






































‘The joint in section 1 differs from the others in that 
there is no connection between the two ends of the 
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OF THE SECTIONS. 
THE UPPER SURFACE OF THE SLAB. 


slabs that form the joint, the edges being strengthened 
by edge thickening. To make these edges as strong as 
the center area it is necessary to design the transverse 
joint edges according to the principles that were de- 
scribed in part 3 of this series of papers. 

As indicated in table 10 the doweled joints were 
tested at points both directly over and midway be- 
tween dowels. The efficiencies of these joints are gen- 
erally low at all points, but for loads applied over a 





VALUES ABOVE THE Axis INDICATE TENSION, AND VALUES BELOW THE Axis INDICATE COMPRESSION IN 


dowel the efficiency is often much higher than for loads 
applied midway between dowels. 


EFFICIENCIES OF VARIOUS LONGITUDINAL JOINTS COMPARED FOR 
LOADS NEAR JOINT EDGES 


The dowel spacing was varied in the different sections 
for the purpose of bringing out the effect of dowel 
spacing on structural efficiency. It has been learned 
during the testing of the sections that for edge tests the 
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deflections are so small that the stiffness of the two slab 
ends, as determined by slab thickness, and the stiffness 
of the structural connection as determined by the width 
of the joint opening and by the spacing of the units in 
the case of the doweled joints, are two very important 
factors which affect the structural action of the joint. 
To study the matter of dowel spacing properly, the slabs 
should be of the same thickness and the joint openings 
should be the same throughout, leaving the single 
variable of dowel spacing. This does not mean that the 
data obtained are of no value but it does explain the 
apparently inconsistent relations which appear when 
the data are examined from the standpoint of dowel 
spacing alone. 

The effect of the spacing of the dowels is largely 
eliminated in the data for loads applied directly over a 
dowel. The low efficiency for this loading indicates the 
inadequacy of a %-inch dowel installed in this manner 
for transmitting load across joint openings such as were 
used in this investigation. The efficiencies are some- 
what higher for the }s-inch opening than for the *-inch 
opening although the variation in slab stiffness compli- 
cates the data. Some looseness of the dowels may have 
been present and deflection of the dowels certainly 
occurred, both of which would lower the efficiency of the 
joint and. to the greatest degree in thick slabs. The 
matter of dowel spacing will be discussed on a theoreti- 
cal basis later in this report. 

The data in table 10 show a great difference in the 
efficiency of the weakened-plane joint, without dowels, 
in winter as compared with summer. The very low 
efficiency of this joint during the cold season results 
from opening of the joint as the pavement contracts. 
It would appear that aggregate interlock cannot be 
depended upon to transfer load effectively when the 
pavement is in a contracted condition even on relatively 
short slabssuch as these. Forlonger slabs the reduction 
might be still greater, while for shorter slabs it might be 
expected to be less. 

The efficiency of the weakened-plane joint with *-inch 
dowel bars at intervals of 18 inches was found to be high 
at all seasons of the year. 

With the dowel plates, joint openings of one-half 
inch and three-fourths inch were used to determine the 
effect of this variable. It will be noted that the joint 
with the wider opening shows a slightly higher effi- 
ciency, contrary to what might be expected. The 
plate in this case was called upon to deflect a 6-inch 
slab across a %-inch opening, while in the other case a 
plate of the same size had to deflect a 7-inch slab 
across a }s-inch opening. The effect of the difference 
in joint opening is thus obscured by the complicating 
variable of slab thickness. Both joints appear to be 
quite efficient in slab edges of this general thickness. 

Figure 34 shows typical stress data corresponding to 
those shown in figure 33 but obtained in tests at lon- 
gitudinal joints, the loads being applied at points 
A and B. As stated previously, the stress conditions 
shown were found to apply at all points along the joint 
except within approximately 3 feet of a slab corner. 
The data in this figure indicate again that the critical 
stress for a load acting near a joint is found directly 
under the load and in a direction parallel to the 
slab edge. 

The stress data in this figure are shown for both the 
constant-thickness and the thickened-edge slab. Since 
the stresses for loads applied at point A are affected 
by the slab thickness at this point, direct comparison 











of the stresses at points A and B does not give a true 
indication of joint efficiency for the thickened-edge slab. 

Table 11 contains efficiency values for the longitudinal 
joints calculated in the same manner as those in table 
10 for transverse joints. The stress values used in 
these computations were average values obtained in 
tests at a great many points. The loads were placed 
arbitrarily at points over and at various points between 
dowels in order that the final averages might be repre- 
sentative of average conditions along a joint of the 
particular type being tested. The difficulty mentioned 
in connection with thickened-edge slabs was overcome 
in the following manner. An average empirical rela- 
tion was established between the interior and edge 
stresses on the constant-thickness slabs. This relation 
was applied to the interior stress of the thickened-edge 
slabs to determine what the edge stress would have 
been had the free edge been of the same thickness as 
the longitudinal joint edge, and this calculated value 
for free-edge stress was used in the efficiency formula. 


TABLE 11.—Hfficiencies of the various longitudinal joints for con- 
trolling the stresses caused by loads placed near the joint edges 








Test Spac- | Joint 
section Type of joint Type of tongue ing of effi- 

no. dowels !| ciency 

Inches | Percent 

ov | Dongnelwe saan s eee eee Rectangulatess- essen 60 78 

Oulosee (0 Ke pee es gE ee “Mubrarapliie se ES 60 75 

10) | eae QOS eas see ase caesar Corrugated =e ses = 60 72 

ay ee Ses C6 Lies sae eS Adee LEE Rectan oul Apes ees None 50 

O Bt Bake Bes Se eh ee ea ee ee een 24 52 

in| ee G0 228s 2853 a See ae eee 36 42 

a ee ae GO. 5229225 38 SOR i ee eee ee ee 48 51 

iss dO ae eete ee Ce |S ee eee ee See ae 60 47 

6 i Plane-of weakness. = lee 226 | eee, 2p eee ees eee 60 44 

ap eee GO ne Da Se A eee ee ee eee None 39 

















1 All dowels across longitudinal joints were fully bonded. 
EFFECT OF DOWEL SPACING ON JOINT EFFICIENCY DISCUSSED 


All of the tongue-and-groove joints that are held 
closed by the bonded bars appear to have relatively 
high efficiencies. The tongue-and-groove joint in sec- 
tion 4 has no dowel bars to hold it together. It was 
tested in a slightly open condition and it will be noted 
that, although it has a substantial tongue that is roughly 
rectangular in shape, a marked reduction in efficiency 
occurs when the bonded steel is omitted. It appears 
from this table that the shape of the tongue is of little 
importance in controlling load stresses so long as the 
joint edges are held together with bonded steel. The 
highest efficiency value found was with the joint con- 
taining the rectangular tongue and groove, however. 

In the four butt-type longitudinal joints, the slab 
thickness at the joint edge was 7 inches in each case, 
each joint was separated by tarred felt, and *-inch 
dowels were used throughout. The dowels were de- 
formed bars in bond but their function was to transfer 
load through shear. In all, 59 load tests were made on 
these four joints at various times and the loads were 
applied at various distances from a dowel bar. 

From the strain data efficiency values were calculated 
for each of these tests. These efficiency values were 
grouped according to the distance between the center 
of the load and the nearest dowel and each group was 
averaged, from 4 to 16 values constituting a group. 
These average group values are shown in figure 35 
plotted against the space between the load and the 
dowel and a curve has been drawn through the values. 
There is considerable dispersion among the values and 
the curve as drawn may not be correct as to shape. In 


a ia 


ee a a a 2 FF FE OS we eS 


— SP Poeggrr'ss se. 


a ean, Se ~ = (eeow-, wi <® 


, 





October 1936 


PUBLIC ROADS 


181 

















NO.3 RECTANGULAR TONGUE, 1/2-INCH DIAM. DOWELS 601NS.C- 
9,000-POUND LOAD 





Gs 


















































































































































POINT a POINTA | 
200 - 
fe) oa a 
a 
200 “e 
400 
NO.5 TRIANGULAR TONGUE, 1|/2-INCH DIAM. DOWELS 60INS.C-C. 
7,000-POUND LOAD 
200 - 
o | x 
— <— x mi 
| ae eae “x 
| x \ 
200 a (i x 
x 
400 = 
NO.10 CORRUGATED PLATE, 1/2-INCH DIAM. DOWELS 601NS.C.-C. 
= if ARE LOAD 
O 200 ; ’ 
Zz 
4 : 
KO so —o ese | 
: cs ; i 
F 200 _ eat 
iva) 
a | i 
A400 = - 4 
ra 
z 600 — 
= 3} 
io NO.4 RECTANGULAR TONGUE, NO DOWELS 
| 8,000-POUND LOAD 
Gy Coe — 
vp) 
uw more 
a O we ony x 
= boas = 
eB ™ Lr Sots 
200 | i rs t — | 
va x = 
x 
400 lle 
oe | 
NO.9 BUTT JOINT, 3/4-INCH DIAM. DOWELS 24INS.C-C. 
9,000-POUND LOAD 
200 A = 
| x 
fe) ae ae 
200 Sx | 
400 
dss 
po | 














600 


O=---- TRANSVERSE STRESS 





p sae" 
L, 


NO.8-A BUTT JOINT, 3/4-INCH DIAM. DOWELS 36INS. C-C. 
9,000 -POUND LOAD 


cao POINTA| 











































































NO.2 BUTT JOINT, 3/4-INCH DIAM. DOWELS 48 INS.C.-C. 
10,000-POUND LOAD 
NO. | BUTT JOINT, 3/4-INCH DIAM. DOWELS 60INS,C-C. 
10,000-POUND LOAD 
| 40 
NO.6 PLANE OF WEAKNESS, /2-INCH DIAM. DOWELS 60INS.C-C 


15,000-POUND LOAD 
= 


feat RES CE 00S 


+ : : 
aaa Bg 


x 



































NO.7 PLANE OF WEAKNESS, NO DOWELS 
12,000-POUND LOAD 


ll | 


“| Ge aaa 











x 


~ 


oe AS | 
/ 2 


x 








x 























Dai LONGITUDINAL STRESS 


FIGURE 34.—COMPARISON OF LOAD STRESSES MEASURED AT THE FREE EDGES AND AT THE LONGITUDINAL JOINT EpGeEes or Hacu 


OF THE SECTIONS. 
THE UPPER SURFACE OF THE SLAB. 


spite of these deficiencies, it is believed that these data 
show a useful indication of the effect of dowel spacing 
on structural efficiency for a joint of such construction 
that little or no deflection of the load-transfer units 
can occur. 

A comparison of the relative efficiency of the closed, 
longitudinal, butt joints with the open, transverse, 
expansion joints having the same dowel spacing shows 
that the efficiency of a given longitudinal joint is much 
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higher than that of the corresponding transverse joint, 
particularly for loads applied between dowels. It is 
obvious that the conditions for load transfer through 
the dowels in these longitudinal joints are much more 
favorable than they are in any of the doweled transverse 
joints, 

Neither the butt-type longitudinal joints as a group 
nor the weakened-plane longitudinal joints were found 
to have efficiencies comparable to the tongue-and- 
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GITUDINAL Burr Joints, Sections 1, 2, 8, AND 9). 


groove joints in controlling the stresses that occur 
directly under a load. It is perhaps surprising that 
the weakened-plane joint that is held closed by bonded 
steel bars (section 6) should show such low efficiency. 
It was found in testing these joints that, for loads at 
certain positions, the indicated joint efficiency was very 
high, while at other load positions the efficiency was 
practically zero. It was frequently noted that at a 
certain point this joint would be efficient when the load 
was placed on one side of the joint and inefficient when 
the load was placed directly opposite on the other side 
of the joint. 

The load stresses that occur directly under a load are 
of a critical magnitude only over a small area and if the 
stresses are to be controlled by the action of the joint 
it is necessary that the joint be effective in transferring 
load in the immediate vicinity of the load. If the 
functioning of such a joint is dependent upon the 
interlocking of the broken edges, then the efficiency 
will depend upon the tightness of the contact and upon 
the peculiar form of the fractured face directly under 
the load. If these are favorable the efficiency may be 
quite high; if they are not then the joint will not 
reduce the critical stresses. It will be recalled in this 
connection that the bars in the longitudinal joint were 
60 inches apart. In the transverse joint of the same 
type in which *4-inch dowels at 18-inch intervals were 
used, the indicated efficiency was high under all 
conditions. 


EFFECT OF JOINT DESIGN ON CONTROL OF CORNER STRESSES 
STUDIED 


The discussion of the stress data has thus far been 
confined to the effectiveness of the different joint 
designs in controlling or reducing the critical stresses 
that occur when a load is applied at a joint edge but 
at a distance of 3 feet or more from any corner. With 
certain slab designs, as, for example, those of constant 
thickness, @ critical stress may also be developed when 
a heavy load is applied at. an unsupported corner. In 
this case the critical tensile stress is no longer found 
directly under the load but appears along the bisector 
of the corner angle in the upper surface of the slab and 
at some distance from the center of load application. 
The stress-reducing function of a joint design should 
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extend to the relief of these corner stresses. Since 
under a given load the slab corner tends to deflect 
more than the edge, joints that are effective for the 
edge condition are quite likely to be effective near the 
slab corner also, but a joint that is quite effective in 
the corner region may be considerably less effective 
when the load is applied at an edge but away from a 
corner. 

Figure 36 shows stress data obtained from the load 
tests that were made for the purpose of determining 
the efficiency of the various transverse joints in con- 
trolling the critical corner stresses. Figure 37 shows 
similar data obtained in the same way in tests at the 
four longitudinal joints that were used in the constant- 
thickness sections. The reason that data are not given 
for the other sections has already been discussed. 

The stress values shown in these two figures are the 
averages obtained from tests at four corners in each 
section. From them stress-reduction values were cal- 
culated for each of the joints tested and these are given 
in table 12. It should be kept in mind that the stress- 
reduction values shown in the table are not a measure 
of the general structural efficiency of the different joints 
but only an indication of the relative ability of the 
joints to control the critical stresses caused by a load 
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acting at a slab corner. The values are simply the 
percentage of reduction of the free-corner stress ob- 
tained through the use of the various joint constructions. 

It will be noted that there are no values in this table 
for sections 1 and 8. In section 1 the free and joint 
ends of the slab are of identical construction and the 
stresses in the free and test joint corners should be of 
the same magnitude for a given load. Section 8 has a 
lip-curb design and because of the difficulties in testing 
caused by the shape of the cross section and the fact 
that the number of corners available for comparisons 
are very limited, comparisons were not made. 


TABLE 12.—Reduction in corner stress caused by transverse and 
longitudinal joint action 
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1 | Thickened end_____--- None A aeaP, (eel Meeea need NG Ble ee | 
8 | Dowel. 36 13 in Bel eee ey ie A A gene Sed 
(spi ee do. 27 % 247 154 93 38 
9 tote 27 34 302 176 126 4 
| eS Gobi ee 18 16 295 168 127 43 
HO GOR ee 18 34 299 195 104 35 
4 | Plane of weakness____- TS a eee. 280 172 108 39 
a lees Oe Ae INOUGN|Seseess- 283 186 97 34 
SIMO OWel Plates ase Hao ok \% 370 203 167 45 
ep ees oho Seer ape a eS A ee Sd 34 336 225 lil 33 
LONGITUDINAL JOINTS 
1 - | == 
10 | Corrugated tongue_-_- OOn eee eee 298 150 148 50 
CN ASG es eee eee ae ee 2A eee ees 302 136 166 55 
6 | Plane of weakness_____ 60) hee 247 134 113 AG 
1 ball eee ONE ay 5 See oe Me IN@ne se eee 295 180 | 115 39 




















Theoretically the maximum amount of load which 
can be transferred by a joint design can never quite 
equal 50 percent of that applied to the one side of the 
joint because of the eccentricity of the point of load 
application with respect to the joint. Under ideal 
conditions a transfer of approximately one half of the 
load to the adjoining slab should result in a correspond- 
ing reduction of approximately 50 percent in the critical 
stress. In the case of a corner this should apply also 
and as a matter of fact, because of the distributed na- 
ture of the bending that accompanies corner deflection, 
in practice it would be expected to apply even more to 
corners than to edges. It is probable, therefore, that 
the actual efficiency of the joints in reducing the critical 
stresses at corners is approximately double the values 
listed in table 12. 

It was shown previously by the deflection data that 
it is not possible for a jot to have an indicated effi- 
ciency of 100 percent (based upon a comparison of 
deflections at the free and joint edges) unless the slab 
is in perfect contact with the subgrade. Since the slabs 
were unwarped when the corner loadings were applied 
and thus perfect contact with the subgrade did not 
exist, it is probable that the percentage of load actually 
transferred is somewhat more than one might assume 
from the stress reduction values given in table 12. The 
reasons for this have been discussed previously in con- 
nection with the application of the second method of 
analysis to the deflection data. 

Considering all of the evidence regarding the ability 
of the various transverse and longitudinal joints to 
reduce or control the critical stresses resulting from a 
load applied near a slab corner, it is indicated that 
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Figure 37.—CoMPARISON OF THE CriTICAL LOAD STRESSES 
MEASURED AT THE FREE AND LONGITUDINAL JOINT CORNERS. 
VALUES INDICATE TENSION IN UPPER SURFACE OF SLAB. 


practically all of the joints have a relatively high degree 
of effectiveness. 


EFFECT OF DOWEL SPACING ON JOINT EFFICIENCY DISCUSSED 
FROM A THEORETICAL STANDPOINT 


The transverse joints of the weakened-plane type 
were tested during the winter when they were in the 
opened condition. However, the amount of opening 
resulting from temperature contraction was not large 
in slabs of this length. This probably explains the 
fairly high degree of effectiveness shown by the 
undoweled joint. 

The dowel-plate joint having the %-inch joint open- 
ing appears to be somewhat more effective in con- 
trolling corner stresses than does the similar joint with 
the %-inch opening. In the case of the doweled joints 
containing the *-inch diameter round bars the effect of 
joint opening is not definite, probably for the reasons 
previously discussed. The same is true for indications 
as to the effect of dowel spacing. 

It will be noted that two of the longitudinal joints, 
on the basis of the corner stress-reduction data, appear 
to transfer a full half of the load across the joint to the 
adjacent slab (sections 9 and 10). Section 9 is a 7-inch 
uniform-thickness slab having a longitudinal joint of 
the butt type crossed by %-inch bonded dowels at 24- 
inch centers, while section 10 is a 6-inch uniform-thick- 
ness section having a longitudinal joint consisting of a 
corrugated, steel dividing plate and held together with 
4-inch bars at 60-inch intervals. Thus, in each, condi- 
tions are favorable for the development of a resisting 
moment and a high degree of load transfer. 

The effect of edge thickening in reducing the corner 
stresses of the thickened-edge slabs is of interest in 
connection with joint design even though it may not be 
considered an actual joint design problem. An indica- 
tion of this effect may be obtained from the stress 
curves in figure 36 by comparing the stresses at the 
free corners of thickened-edge slabs with those at the 
corresponding point of comparable slabs of uniform 
thickness. 

It has been shown that, for a number of reasons, it has 
not been possible during this investigation to develop 
from the test data as complete information regarding 
the proper dowel spacing to control efficiently the 
stresses that occur directly under a load applied near a 
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joint as it is desirable to obtain. This was caused in 
part by the fact that most of the dowel spacings were 
too great to be effective and in part by the presence of 
other complicating variables in a number of the tests. 

It is believed that a short discussion of the subject 
from a theoretical standpoint will help to clarify the 
general relations between load, stress, slab thickness, 
and dowel spacing. 

Making use of the more exact formulas developed 
by Westergaard in his analysis of this subject,’ that is, 
the formulas in which the reactions of the four dowels 
nearest the load are taken into account, the values that 
determine the sets of curves shown in figures 38 and 39 
were computed. The constants used in the calculations 
were appropriate to the conditions of the tests at Arling- 
ton. In the analysis by Westergaard it was assumed 
that the dowels were of sufficient stiffness to cause the 
two sides of the joint to deflect equally. Since dowels 
do not perform in this ideal manner, it is to be expected 
that the theoretical stress reductions for given condi- 
tions will be greater than those that will be obtained in 
practice, with joints as they are constructed at the 
present time. 

The stress reductions shown in figure 38 are for a 
constant load of 10,000 pounds applied on slabs of 
6, 7, 8, 9, and 10-inch thicknesses. The stresses 
theoretically developed in the free edge of each slab 
by this same load are tabulated in the lower part of this 
figure. 

In figure 39 similar relations are shown, but in this case 
the magnitude of the applied load was varied in order 
that the edge stress in each of the various thicknesses 
of slab would have a constant value of 300 pounds per 
square inch. 

Both of these figures show very clearly that both the 
amount and the rate of stress reduction increase as the 
dowel spacing decreases. It is indicated that, even 
for the ideal condition represented by the basic specifi- 
cation of the analysis, dowels spaced 3 feet or more 
apart are of little value in reducing slab stresses. 
When the dowel spacing is 2 feet or less, the dowel reac- 
tions become more effective in reducing stress and the 
analysis shows that if dowels are to be of appreciable 
value in reducing edge stresses, they must be closely 
spaced, even when complete rigidity exists in the dowel. 

1 Spacing of Dowels, by H. M. Westergaard. Proceedings, Eighth|Annual Meet- 
ing of the Highway Research Board, 1928, pp. 154-158. [Footnote 12 in the first in- 


stallment of this paper (PuBLIC ROADs, September 1936, p. 147) is incorrect, and 
should refer to the above article.] 


EpGe Stress COMPUTED BY WESTERGAARD’S Exact METHOD. 
RELATIONS SHOWN FOR A ComMon EDGE STRESS. 


Both theory and experiment show that a load that 
will produce a critical stress of 300 pounds per square 
inch in the free edge of a slab will cause a critical stress 
of slightly less than 200 pounds per square inch when 
applied in the interior of the slab (provided the slab is 
of uniform thickness). Thus in this type of slab com- 
plete continuity will effect a stress reduction of a little 
more than 100 pounds per square inch. There are a 
number of other factors that affect this relation some- 
what but the above general statement is approximately 
true. 

Figure 39 shows that, theoretically, in order to accom- 
plish the same reduction with dowels that is obtained 
by the continuity of the slab (about 100 pounds per 
square inch), a dowel spacing of approximately 21 
inches would be required with a slab 9 inches thick 
and a spacing of approximately 17 inches with a slab 
6 inches thick. 

The data presented in this report show that in joints 
of the types tested, the stress reductions to be expected 
in joints as actually constructed will fall considerably 
short of that theoretically possible. 

If a doweled joint is to bring about a satisfactory 
control of edge stresses it would appear that the dowel 
units will have to provide more shear resistance indi- 
vidually and be spaced much nearer to each other than 
has been the practice in the past. 


MEASUREMENTS MADE OF COMBINED STRESSES AT JOINTS 


A pavement slab to be perfectly designed structurally 
should be so proportioned that a given load, wherever 
applied, would at all times produce no more than a 
selected maximum stress at any point. Such a design 
would make the most economical use of the material 
and would have no weak spots at which overstressing 
could occur and failure begin. 

The load-carrying capacity of any pavement slab 
should be indicated by the most critical combinations 
of load and warping stresses at the different parts of 
the slab, and the more nearly the ideal design is ap- 
proached the more readily will these combined stresses 
attain a common value. There is, however, one con- 
sideration that should be mentioned because it affects 
the generality of application of the statement that was 
just made. For a load placed at the edge of a slab or 
at an interior point the load stress is highly localized 
as has been shown in a number of the figures of this 
and the preceding papers. When a load is applied on 
the corner of a slab the distribution of the high stress 
values is considerably greater. It seems probable, 
therefore, that a combined stress having a magnitude 
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that would cause a structural failure in the case of a 
corner loading would not necessarily produce a struc- 
tural failure when developed under the load in the case 
of an edge or interior loading. If this is true, a pave- 
ment slab should be so designed that the combined 
load and warping stress at the corner is less than at 
other parts of the slab. 

Since the interior portion of the slab is inherently 
the strongest and comprises the greatest area, the object 
of the design should be to increase the load-carrying 
capacity of the free and joint edges and of the corners 
to equal that of the interior of the slab. With this 
thought in mind table 13 was prepared. The values in 
the four columns headed ‘‘Maximum load stresses’’ show 
the magnitudes of the maximum stresses for various 
positions of a given load, expressed as a percentage of 
those found for an interior position of this load (point 
Hf). The values shown in the columns headed ‘Warping 
stresses” are expressed in the same way and are taken 
from the maximum average warping stresses measured 
on the two test sections concerned and published in 
the second report of this series. 

The first two columns of each group show data ob- 
tained from the thickened-edge slab (sec. 5) while 
the third and fourth columns contain similar values 
which apply to three points along the free edge of the 
6-inch constant-thickness slab (sec. 10). Other fac- 
tors being constant, these are the three points where 
the relations for a constant-thickness slab might be 
expected to be different from those for a thickened-edge 
slab. 

The warping stresses are applicable only to slabs of 
the general dimensions tested in this investigation.. 


TABLE 13.—Relation of both critical load and warping stresses at 
points near the free and joint edges of typical slabs compared to 
the stresses at the interior 
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1 Warping stresses are for the same points in the upper surface of the slab for which 
load stresses are given and are for conditions of average maximum warping. 

2 Values are for stresses parallel to the bisector of the corner angle since they are to 
be combined with the load stresses in that direction. 


It will be noted that two load stresses are shown for 
each point of load application on these two slabs except 
for points E and C. The values shown in the first 
column in each case are stresses in the top of the slab 
directly under the load. These are not shown for 
points E and C because of their very small magnitude. 
The second column in each case contains the maximum 
stresses occurring in the top of the slab at some distance 
from the area of load application. The efficiency of 
the longitudinal and the transverse joints naturally 
affects some of the values given so that relations shown 
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in the table apply to pavements of equivalent cross 
section and joint efficiency. 

The effect of edge thickening on the load and warping 
stresses at the various points is apparent if the values 
pertaining to them for section 5 are compared to those 
for the same points on section 10. Except in those 
cases where the edge thickening affects the relation, the 
values shown for points at the free edges and free ends 
of the sections would apply equally well for joints 
having little or no structural effectiveness. The effect 
of the joint design in section 10 in reducing load 
stresses is reflected in the comparative magnitude of the 
load-stress values at the corresponding points on the 
free and joint corners of this constant-thickness slab. 


IMPORTANCE OF CONTROLLING LONGITUDINAL WARPING 
STRESSES EMPHASIZED 


There is a small variation in the relation between the 
load-stress values at the various parts of a pavement 
slab at different seasons of the year. This will be dis- 
cussed more thoroughly in the next paper of this series. 
‘The relations shown in table 13 for the critical stresses 
directly under the load are based on data obtained from 
a great many tests made during the winter months. 
The values shown for the less critical stresses (those 
not directly under the load) are based upon less ex- 
tensive data obtained in tests made at various seasons 
of the year, although wherever possible the relations 
shown are averages from several tests. 

In order to emphasize the importance of the data 
just shown and to present them in a more easily 
assimilated form, table 14 was prepared. In this table 
the critical combined stresses are given in absolute 
units and represent stresses that might reasonably be 
expected to develop in each of the two slabs under the 
action of a 7,000-pound load and temperature warping 
of average maximum intensity as determined during 
the course of this investigation. The values follow 
directly from the percentages given in the preceding 
table. In all cases except at the corners the stresses 
apply to afternoon conditions. For the corners the 
warping is that which occurs during the night. It was 
explained in a previous report that it was not possible 
to determine the corner warping stresses for a thick- 
ened-edge slab. For this reason it was necessary to 
apply to the thickened-edge slab the corner warping 


TaBLE 14.—Combined critical load and warping stresses! al the 
midpoint and at points near the free and joint edges of panels of 
two of the test sections 
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1 Maximum stresses in upper surface of slab. 
3 The load stresses in each section were produced with a 7,000-pound load. 
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stresses determined from measurements on the corner 
of a constant-thickness slab. The magnitude of these 
stresses is so small that this method should introduce 
no error of consequence. 

The warping stresses shown in this table are for 
slabs 10 feet wide and 20 feet long. It was brought out 
in the discussion of warping stresses in the second 
report that, for slabs of the thicknesses used, the max1- 
mum warping stresses are approximately as large as 
they would be for much longer slabs of the same width. 
The combined stresses shown in table 14 should there- 
fore represent the condition where effective control of 
warping stress has not been provided. 

There was no opportunity in this investigation to 
make an extensive study of warping stresses on short 
slabs, but the work that was done indicated that the 
magnitude of the critical warping stresses would be 
greatly reduced as the length of the slab was reduced 
below the 20-foot length used in this series of tests. 
For short slabs the values of the combined stress will 
tend to approach the value of the load stress alone. 

It is obvious from table 14 that the most important 
step in the effort to balance the combined stress values 
is to reduce the warping stress at points A, H, and B. 
The most effective means for doing this seems to be by 
shortening the length of the slab. This has already 
been discussed in connection with cross-section design 
in the preceding paper and needs no further discussion 
here. The effect of edge thickening on the load and 
warping stresses was also discussed in a previous report. 

One of the most difficult problems in connection with 
concrete pavement construction is the control of 
transverse cracking. It is important to control the 
critical load stress along a slab edge abutting a longi- 
tudinal joint because this stress combines directly with 
a warping stress that tends naturally to be high. The 
combined stress, being a longitudinal stress, is in a 
position to start the formation of a transverse crack if 
its value becomes excessive. Longitudinal joint designs 
of high structural efficiency are desirable therefore as 
an aid in controlling transverse cracking. 


JOINTS SHOULD PERMIT FREE FLEXURE OF SLAB EDGES 


The longitudinal joints in both sections 5 and 10 
were very effective in reducing the stresses under the 
load and it is apparent from table 14 that, where the 
warping stresses are controlled, the cross section of a 
slab having a thickened edge and an efficient longitu- 
dinal joint is very well balanced. Because the width 
of the slab was but one half of its length, the warping 
stresses at points I and G are much smaller than those 
at points A and B. This probably explains why 
longitudinal cracking is seldom observed in slabs having 
a width of approximately 10 feet. 

It is apparently unnecessary, in order to balance the 
general design of a pavement slab, to reduce the com- 
bined stresses at points I and G unless the warping 
stresses in the longitudinal direction are controlled. 
Where these stresses are controlled, leaving practically 
all of the flexural strength of the slab available for 
carrying load, then it becomes necessary to provide 
transverse joints that are effective in reducing the 
stresses directly under the load, when the load is near 
the joint, in order to make the load-carrying capacity 
of the slab at point G comparable to that at the interior 
point H. 

The effect of edge thickening and of the joint con- 
struction on the stress conditions of the corners E, 
C, F, and D are well shown by table 14. The warping 














stresses at the corners are so low that, on the basis of 
combined stresses, the corners do not appear to be 
critical points. Because of the distribution of the 
maximum stress from a load applied at a corner and 
because of the greater likelihood of impact, weakened 
subgrade support resulting from the infiltration of 
water, and possibly other factors, it appears desirable 
to make the corners of the slab somewhat stronger in 
relation to the other parts of the slab than would 
appear to be necessary from the combined stress 
values in the table. 

A comparison of the load stresses occurring along the 
bisector of the corner angle, for a load acting at point 
E on each of the two slabs, shows that edge thickening 
is very effective in reducing these stresses. The effec- 
tiveness of joints in controlling these stresses at joint 
corners was discussed earlier in this paper in connection 
with table 12. 

It is interesting to note that at the inside corners, 
where the load stresses along the bisector of the corner 
angle are very low, the stresses directly under the load 
become relatively high. This is due to the action of 
the joints causing the slab at point D to behave more 
in the manner of the interior of the slab. One joint 
acting effectively will cause the stresses at this point to 
be distributed as at a free edge, while with both joints 
effective a stress distribution more like that which 
exists in the case of an interior loading is created. Thus 
the position and magnitude of the critical stress at a 
slab corner depend upon the action of the joint or joints 
at that corner. Joints that are very effective in con- 
trolling the stresses along the bisector of the corner 
angle may cause a critical stress condition under a load 
acting near the corner. 

It has already been shown that, from the standpoint 
of reducing warping stresses, free action of the corners 
at point D is desirable. Such construction would like- 
wise reduce the load stress just discussed and increase 
slightly the load stress along the bisector of the corner 
angle of the slab. Therefore, as far as both warping 
and load stresses are concerned, the joints should be so 
designed that resisting moments that prevent free 
flexure are not developed in the joint. 

Earlier in this paper it was stated that joints are 
introduced into concrete pavements for the purpose of 
controlling certain stresses that are present from 
causes other than load, and that joints may be classified 
according to the stresses they are intended to relieve as 
follows: 

1. Expansion joints to control the direct compression 
stress caused by expansion of the concrete. 

2. Contraction joints to control the direct tensile 
stresses caused by contraction of the concrete. 

3. Warping joints to control the bending stresses 
resulting from restrained warping. 

Data developed during the course of this investiga- 
tion and reported in this and the two preceding papers 
of this series permit certain general observations to be 
made and also suggest certain ways in which the joint 
designs that were tested may be improved. 


SPACING OF EXPANSION, CONTRACTION, AND WARPING JOINTS 
SHOULD BE APPROXIMATELY 100,30, AND 10 FEET, RESPECTIVELY 


The proper spacing of joints is a matter concerning 
which there has frequently been a wide difference of 
opinion. The trend of thought as reflected in construc- 
tion practice during the past was brought out in the 
historical review at the beginning of this paper. As 
recently as the December 1932 meeting of the Highway 
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Research Board, in a paper on the caine of Sointat | 
R. D. Bradbury stated that: “The proper spacing of 
transverse joints is largely a matter of judgment based 
upon experience’. In other words, there was available 
no rational method by which the proper spacing of 
joints could be determined. 

Since joints cost money if has frequently been the 
policy to install as few joints as possible and to have 
these of the cheapest type. It is well to remember, 
however, that the stress reductions accomplished by the 
introduction of the joint may be worth more in added 
load-carrying capacity than the cost of the joint instal- 
lation. This study indicates that frequency of joints 
san increase the safe load-carrying capacity of a pave- 
ment without any increase in slab thickness. Also, 
frequent joints and the resulting short slab lengths 
simplify somewhat the structural requirements of trans- 
verse joint designs. 


It is not the intention to suggest that as a result of 
this investigation it is now possible to determine ration- 
ally the proper spacing of joints under all conditions. 
Much additional information is needed before this 
desirable objective can be attained; particularly needed 
are data on the effects of radically different subgrade 
conditions and on a number of factors that affect warp- 
ing stresses. However, the data already obtained make 
possible several useful generalizations relative to joints. 
The tests have shown that the distance between expan- 
sion joints will not be determined so much by the 
magnitude of the compressive stresses during expan- 
sion as it will by a consideration of the amount of hori- 
zontal movement that it is desirable to permit at any 
one joint. The data presented in the second report * 
show that for ordinary slab lengths the compressive 
stresses during expansion are relatively quite small, 
provided no restraint is offered at the slab ends. 


Figure 40 has been prepared from data obtained dur- 
ing these studies to give an idea of the average changes 
in length that occur annually in concrete pavements 
from changes in the moisture state of the concrete and 
in the average temperature of the slab (fig. 40—A), and 
of those that occur daily from temperature change alone 
(fig. 40-B). The length changes are in inches and apply 
to a slab 100 feet in length. This graph shows that the 
rise in temperature from winter to summer caused an 
expansion of about 0.45 inch in this length of slab. Dur- 
ing this same period a loss of moisture occurred which 
caused a contraction of about 0.15 inch. ‘The net result 
of the combined annual volume changes was an expan- 
sion of about 0.30 inch from winter to summer. The 
daily changes in length are approximately 0.03 inch in 
winter and 0.08 inch in summer. The values apply ex- 
actly only to climatic conditions and to concrete having 
volume-change characteristics such as those which ex- 
isted in these tests. However, there is nothing unusual 
about either. 


It will be recalled that data presented in the second 
report showed that the test slabs at Arlington are gradu- 
ally increasing in length. The ultimate extent of this 
growth cannot be predicted, but after four annual cycles 
of length change it amounted to approximately 0.17 
inch in a 100-foot slab. Such a change when present 
will have to be cared for in the expansion-joint design. 


3 Design of Joints in Concrete Pavements, by R. D. Bradbury, Proceedings 12th 
Annual Meeting, Highway Research Board, 1982, part I, pp. 105-136. 

4 Structural Design of Concrete Pavements, (see fig. 23 and attendant discussion) 
FuBLic ROAns, vol. 16, no. 9, November 1935, 
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Figure 40.—AVvVERAGE SEASONAL AND Datty CHANGES IN 
LenetH oF A 100-Foor Stas Causep By VARIATIONS IN 
TEMPERATURE AND MotstuRE CONTENT. (BASED ON 
OBSERVED MOVEMENTS.) 


In view of the present knowledge on the subject, it 
seems reasonable to conclude that expansion joints should 
be provided at no greater than 100-foot intervals in order 
to keep the joint openings from becoming excessive. 

The spacing ot contraction joints, unlike that of ex- 
pansion joints, will be determined by the permissible 
unit stress in the concrete. If this is restricted to a low 
value, ‘as is most desirable because of its direct effect on 
load-carrying capacity, the test data indicate that the 
contraction-joint interval should be kept quite small, 
possibly of the general order of 30 feet. 

In the second and third papers of the series it was 
shown that, if the stresses caused by restrained temper- 
ature warping are to be properly controlled, the length 
and width of the slab panels must be kept quite small. 
Although additional studies should be made to deter- 
mine what the maximum dimensions should be for vari- 
ous slab thicknesses, the present data indicate that a 
satisfactory control of warping stresses would ordinarily 
be obtained if the maximum dimensions of the slab 
were 10 or 12 feet, indicating that the interval between 
warping joints should be of the same general order. 


EDGE THICKENING AT JOINTS EFFECTIVE ONLY FOR SHORT SLABS 


The joint tests in this investigation as originally 
planned did not include provision for a study of types 
and arrangement of joints to control warping stresses, 
and it has not yet been possible to conduct such a study. 
There are three arrangements that might be considered: 

1. Placing joints that will both provide for expansion 
and relieve contraction stresses at intervals sufficiently 
small to control warping stress effectively. 

2. Placing expansion joints at intervals sufficiently 
small to relieve contraction stresses and, between the 
expansion joints, placing joints intended to relieve 
warping stresses only. 

3. Placing expansion joints at the proper intervals, 
between these placing the contraction joints at the 
intervals necessary to control tensile stress and, finally, 
between the contraction joints placing warping joints 
as frequently as necessary. 
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In deciding which of these different arrangements 
should be used and to what extent the ideal installation 
should be approached there are several factors to be 
taken into consideration: 

1. The effectiveness of the proposed joints in reduc- 
ing the stresses caused by restrainted warping; 

2. The efficiency of the joints in reducing the critical 
stresses caused by a load acting near the joint: 

3. The difficulty of maintaining the joints in a prop- 
erly sealed and smooth condition; 

4. Installation difficulties; and 

5! Cost, 

The strengthening of slab edges at joints has been 
applied, in practice, to longitudinal joints and to a 
more limited extent to transverse joints. The applica- 
tion to longitudinal joints appears to have been success- 
ful but there has been some criticism of the attempts to 
use edge thickening at transverse joints because, on 
certain projects at least, it is reported that transverse 
cracks have formed within 3 or 4 feet of the transverse 
joints. The formation of these cracks is attributed in 
various ways to the presence of the thickened slab end. 

In this investigation one of the sections was con- 
structed with thickened ends and this section has been 
carefully studied over the entire period of the test. 
It was found that the thickened ends did not increase 
the resistance of the subgrade to horizontal slab move- 
ment because in slabs 20 feet long the subgrade adhered 
to the concrete and there was little or no sliding of the 
slab ends. The data obtained indicated no greater 
tensile stress in this slab, during contraction, than in 
one built without the thickened ends. 

The design of edge thickening for balancing load 
stresses was described in the third paper of the series, 
and it was pointed out that edge thickening to be most 
effective should be limited to relatively short slabs be- 
cause of the increased warping stresses that tend to 
develop under certain conditions. These considera- 
tions apply with equal force to both longitudinal and 
transverse joint edges. Itis necessary that special care 
should be taken in the early curing period of such de- 
signs to insulate the slabs and prevent the formation 
of large temperature differentials. In the report of the 
curing experiments at Arlington ® some years ago men- 
tion was made of transverse cracking which occurred 
close to the ends of several of the sections that were 
not protected from the sun’s rays during the first 24 
hours after placing. ‘This cracking, which was similar 
in location to that reported on some of the thickened- 
end pavements, was attributed to high warping stress 
during the early period of strength development, point- 
ing to the desirability of insulative coverings for curing 
concrete pavements. 

With hiokaneeeannd slabs, blocking of the lower por- 
tion of the transverse joint with concrete spilled during 
construction or with solid matter entering after con- 
struction is likely to be a serious matter because of the 
eccentricity of thrust and consequent greatly increased 
bending moments that may develop near the joint dur- 
ing expansion of the slabs. It is especially necessary, 
therefore, that, where thickened ends are to be used at 
transverse joints, care should be taken to insure that 
there is space for free expansion at all times. 








5 For a discussion of current costs and other considerations, the reader is referred to 
. paper entitled ‘‘Developments in Transverse Joints and Fillers in Concrete Pave- 
ments and Bases’? by R. E. Toms, presented before a meeting of the Association of 
State Highway Officials of the North Atlantic States, Baltimore, Md., Feb. 14, 1935. 
See also American Highways, Vol. 14, No. 2, April 1935, for a similar discussion by 
the same author. 

6 The Arlington Curing Experiments, by L. W. Teller and H. L. Bosley, PuBLic 
Roaps, Vol. 10, No. 12, February 1930. pp. 218-219. 
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IMPROVEMENTS IN DESIGN OF DOWELED JOINTS RECOMMENDED 


The doweled transverse joints tested were found to 
be effective in the two functions of permitting unre- 
strained expansion and contraction and in allowing the 
slab ends to warp freely. These joints as constructed 
in this investigation were not satisfactory, however, so 
far as their ability to reduce the stresses caused by load 
is concerned. For loads acting at joint corners fair 
reductions in the critical stress were obtained, and the 
same is true for loads applied directly over dowels, but 
for other conditions of loading the stress reductions 
generally were much smaller than is desirable. 

Attempts to improve the doweled joint designs 
should begin with efforts to increase their effectiveness 
in reducing the critical stresses caused by a load placed 
near the joint but at a distance from a corner. 

It is indicated that the doweled transverse joints as 
built and tested in this investigation have the following 
weaknesses: 

1. The individual units were too widely spaced. 

2. The individual units were not stiff enough effec- 
tively to transfer loads of the magnitude and under the 
conditions involved. 

3. It is difficult to obtain complete and_ perfect 
embedment of a dowel bar. 

4. Even if perfect embedment were obtained the 
unit bearing stress on the concrete is apt to be excessive 
when heavy loads are applied on one side of the joint. 


The closest dowel spacing tested was 18 inches and 
it is evident from the data that, for dowel size, joint 
openings, slab thicknesses, and loads of the same general 
order as were used in the tests, this spacing is too great. 
It is not possible to state, from the test data, what the 
proper spacing should be in order to make this joint 
highly effective in relieving the important edge stresses. 
The minimum spacing of dowels will be determined by 
the magnitude of the critical stress caused by a load 
applied at the joint edge at a distance from a corner. 
If the spacing is close enough to control this stress 
satisfactorily, the stress conditions for a load acting 
at the slab corner will also be satisfactorily controlled, 
so long as no resisting moment is allowed to develop in 
the joint itself. 

It has been shown previously by some of the load- 
deflection measurements that one very important cause 
of the low efficiency of the doweled joints in controlling 
load stresses is the lack of stiffness in the dowel itself. 
This suggests that the size or shape of the dowel should 
be changed, that the joint opening should be decreased, 
or that the bearing conditions of the dowel in the slab 
should be improved in order to increase the resistance 
to bending of the unit. Any great increase in the 
bending resistance of the joint is undesirable because it 
reduces the ability of the joint to relieve warping stress, 
one of its most important functions. It is necessary, 
therefore, to proceed cautiously with any changes 
tending to increase joint stiffness. 

Tests made for the purpose indicated that, when the 
concrete around the dowel is placed with great care, 
little or no play between the dowel and the concrete 
existed. It is difficult to be certain that this condition 
will always be obtained in construction. Indeed, it is 
to be expected that it will not, unless unusual attention 
is given to it. Furthermore, although no thorough 
study has been made of the effect of continued service 
on the seating of dowels, there is good reason to believe 
that such usage tends to develop looseness. 
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Under the small deflections of pavement slabs, con- 
tinued good bearing is essential if the dowels are to 
maintain their original effectiveness. This suggests that 
some bearing other than that of the concrete should be 
provided in order to make the beari ing conditions more 
effective and permanent. What the best form for such 
a device should be cannot be determined without more 
tests. Certainly there are problems connected with its 
design which will have to be worked out, and this is 
true also for the other possibilities that have been 
discussed. 

The doweled joint is not an ideal type and probably 
will never approach closely to its theoretical efficiency, 
but there is little doubt that it can be improved con- 
siderably by correcting its recognized weaknesses. 
From the information at present available it seems 
probable that the greatest all-around effectiveness in a 
joint of this type will be had with dowel members that 
are not too stiff, that are spaced closely in a joint that 
is opened as little as possible, and with good bearing of 
the dowels in the slabs insured through the installation 
of an effective dowel seat. 


FURTHER INFORMATION NEEDED ON ACTION OF VARIOUS JOINTS 


The tests made with the limited number of dowel- 
plate joints included in this investigation indicate that 
this type is quite effective in relieving warping stress 
and in reducing the critical stresses caused by loads 
acting near the joints. The continuous plate, as used 
in these tests, appears to control the stresses directly 
under a load more effectively than round dowels at 
any of the spacings tested. 

The tests showed that the dowel-plate joints offer 
more resistance to expansion and contraction of the 
slab than do the joints containing the round dowels 
regardless of their spacing. The concrete was car efully 
placed around the dowel-plate covers at the time of 
construction. Because of the small space between the 
plate and the subgrade special manipulation was 
necessary but a satisfactory installation was obtained. 
There can be little doubt that the same tight gripping 
of the plate in its socket, which caused the resistance 
to slab movement just mentioned, is responsible for 
the effectiveness of the construction in reducing the edge 
stress. 

Only two dowel-plate joints were studied and the 
information developed leaves unanswered a number of 
questions. For example, it is desirable to know what 
width and thickness of dowel plate will be most generally 
effective in slabs of different thickness. Also it is 
desirable that means be developed for effectively sealing 
the joint or by other means reducing corrosion of the 
dowel plate to a minimum. 

The data indicate that the dowel-plate joint has con- 
siderable merit and that a more thorough study of its 
possibilities is warranted. Determination of its effec- 
tiveness after having been in service for some time 
would seem to be particularly important. 

This investigation revealed that the weakened-plane 
tranverse joint without dowels is not effective in reduc- 
ing the stresses directly under a load acting near the 
joint when the joint is open and may not be effective 
when the joint is tightly closed. It appears to be 
fairly effective in reducing corner stresses when closed 
but may become very ineffective when open. The fact 
that these joints sometimes do not function effectively 
though tightly closed is apparent due to an inclined 
fracture. The character of the support varies from 
side to side of the joint and from point to point along 
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41.—PLANE-OF-WEAKNESS JOINTS DESIGNED T0 
Permit Freep WARPING. 


FIGURE 


each side, being effective in some places and quite 
ineffective in others. 

The weakened-plane transverse joint with dowel 
bars spaced 18 inches apart was found to be much more 
consistent in its behavior and fairly efficient in reduc- 
ing corner stresses and stresses directly under the load. 
There is little to indicate that aggregate interlock can 
be depended upon to control the critical stresses caused 
by load under any conditions and this applies to the 
longitudinal as well as the transverse plane-of-weakness 
joints. It appears that to control the stresses effec- 
tively and thus strengthen the joint edge, the same 
type and character of edge support will be necessary 
with a weakened plane of the type tested as would be 
required with butt joints. % 

The weakened-plane joint will control warping 
stresses effectively if 1t 1s so designed that a resisting 
moment within the joint cannot be developed. In a 
warping joint, prevention of the development of a 
resisting moment may be accomplished in any one of 
three ways: (1) By preventing the steel dowels from 
taking tension through a destruction of bond on one or 
both halves of the dowel; (2) by preventing the con- 
crete from developing compression by separating the 
two slab ends; or (3) by greatly reducing the length of 
the moment arm so that for a given joint deflection the 
magnitude of the resisting moment is greatly reduced 
even though the steel dowels take tension and the con- 
crete surfaces are tightly interlocked. 

Weakened-plane joints designed to prevent the 
development of large resisting moments during warp- 
ing are shown in figure 41. It should be recalled that 
the downward warping of the slab edges normally 
exceeds the upward warping by a considerable degree and, 
further, that under the conditions that cause upward 
warping of the slab edges, the concrete is in a contracted 
state and the joints are opened, the dowels being with- 
out bond. 

In this class only the longitudinal joints of sections 
3, 4, 5, and 10 are considered. None of these was 
intended as an expansion joint and none of the designs 
included in this group could be expected to function 
satisfactorily as an expansion joint because the shape 
of the interlocking elements is such that separation 
horizontally is in each case accompanied by a separation 
vertically that would prevent effective load transfer by 
the joint. 

Of the four joints considered, only that in section 4 
could be expected to relieve direct tensile stress caused 
by slab contraction. This joint, it will be recalled, had 
a trapezoidal tongue roughly rectangular in shape 
although there is appreciable slope to the upper and 
lower faces. No dowels or tie bars cross the joint. 
At the time the load tests were made the jomt was 
opened slightly so that the stress values obtained 
probably indicate the efficiency under critical condi- 
tions. 

The joint was found to be fairly effective in reducing 
the critical corner stress, but, for loads applied at the 
joint edge at a distance from the corner, the efficiency 


190 


RUBLE) CARGADS 


Vol. 17, No. 8 


























90° M, east) 


| 30° Ne | \ 
| | | he Te 
| A Reeth! | ee 
ld Oa +7 KRC OF 

| | CIRCLE 
| | 

| eae B \ e 


Figure 42.—RELATIVE DISPLACEMENTS OF THE VARIOUS PARTS 
or TONGUE-AND-GROOVE JoINTs DuriInG DowNWARD WARP- 
ING. 














in reducing the critical stress is much less than it was 
found to be for the same type of joint held closed by 
bonded steel. This undoubtedly results from the 
tendency for the tongue to loosen as it is withdrawn 
from the groove and indicates the necessity for de- 
signing a different shape of tongue if this general type 
is to be considered as a contraction joint. Although a 
perfectly rectangular tongue section would probably be 
the most effective design for controlling load stresses, it 
would restrain warping and, probably to a lesser extent, 
free horizontal movement. It appears necessary, there- 
fore, that the shape of the tongue and groove should 
depart from the perfectly rectangular form. 


ACTION OF TONGUE-AND-GROOVE JOINTS DURING SLAB WARPING 
DESCRIBED 


Figure 42 illustrates a simple method for determining 
eraphically the relative movements of the two sides of 
three designs of tongue-and-groove joints during warp- 
ing of the slab ends. It is assumed that in each design 
the ends of the two slabs both above and below the 
tongue and groove have been relieved by inclining the 
face of the edge slightly as shown in the section. The 
point of contact and probable center of rotation would 
be just above the tongue during downward warping 
and just below the tongue during upward warping, 
approximately as shown in the figure. 

In the first design (fig. 42—A) the upper and lower 
faces of the tongue are parallel. It is apparent that as 
warping occurs the tongue will bind in the groove and 
will not be able to take the position that it would as- 
sume if unrestrained warping were to be permitted. 
Restraint is developed that will cause undesirable 
warping stress in, the slabs near the joints and high 
local stresses in the elements of the joint itself. 

In the second design (fig. 42—B) there is considerable 
slope to both the upper and lower faces of the tongue. 
When warping occurs there is a tendency for these 
faces of the tongue and groove to separate, depriving 
the joint of its ability to transfer load during small 
deflections. 

Figure 42—C shows a section modified in accordance 
with the preceding discussion. The upper and lower 
surfaces of the tongue have been shaped so that neither 
excessive bearing pressures nor loss of contact should 
occur during slab warping. It is emphasized that this 
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Figure 43.—RELATIVE DISPLACEMENTS OF THE VARIOUS PARTS 
or Two TRIANGULAR TONGUE-AND-GROOVE JOINTS DURING 
DOWNWARD WARPING. 


design is only a suggested application of the results 
of these tests and should be given an experimental 
verification before being recommended as a design 
suitable for contraction and warping joints. 

Figure 43 is a similar study of the triangular shape 
for tongue-and-groove joints. For the assumed con- 
ditions it appears that if the depth of the tongue ‘‘d”’ 
is greater than approximately one-half of its height 
“h”, warping will cause high local bearing stress near 
the end of the tongue (fig. 43—A), while if the depth is 
less than about one-half the height, separation will 
occur as the slabs bend. This analysis indicates and 
the test data show that the triangular tongue and 
groove is likely to be less satisfactory during contraction 
or warping than the modified rectangular forms. 

For the reasons just discussed in connection with 
the joints shown in figures 42 and 438, it is apparent 
that the corrugated plate used in the longitudinal joint 
in section 10 would be unsatisfactory as a contraction 
joint and would be less satisfactory than the modified 
rectangular tongue as a joint for the relief of warping 
stress. It is probable, however, that because of the 
many possible points of contact and lack of sharp 
corners, it will not be so likely to develop high local 
bearing stress as either the perfectly rectangular tongue 
or the deep triangular shape during warping. 

The tongue-and-groove types, as a class, have been 
shown to be quite effective when constructed and 
tested in the manner described. The preceding 
discussion was intended to bring out the weak points 
of the designs in order that means may be found for 
improvements that will add to both the structural 
effectiveness and the durability of the joints. 

The doweled transverse joints are not considered to 
be butt-type joints because of the wide joint opening. 
Only the four longitudinal butt-type joints found in 
sections 1, 2, 8, and 9 will be discussed. They are 
primarily joints for the relief of warping stress, being 
unable to function either as expansion or contraction 
joints because of the bonded dowels. Four different 
dowel spacings were used as was shown in figure 7. As 
stated earlier, it was not possible to determine the 
effectiveness of all of these joints in reducing corner 
stresses because a number of them were in thickened- 
edge slabs, but all of them were tested to determine 
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their efficiency in reducing the stresses directly under 
the load when the load was applied along the edge 
but away from a corner. The results of these’ tests 
have been shown in table 11 and in figure 34 of this 
paper. The one joint of this type on which it was 
possible to make such determinations was found to be 
effective in reducing critical stresses for the corner 
loading. 


PREVENTION OF RESISTING MOMENT NECESSARY IN DESIGN OF 
BUTT-TYPE JOINTS 


So far as dowel spacing is concerned, butt-type 
longitudinal joints can be made more effective in their 
function of controlling load stress by the close spacing 
of dowels in the same manner as expansion joints. 
In the matter of dowel stiffness the situation is differ- 
ent, however, because the small opening between slabs 
greatly reduces dowel flexure, as was shown by all of 
the deflection data for these joints. It is probable 
that in longitudinal joints of the butt type the need 
for better bearing for the dowels is as great as in the 
doweled expansion joint and that the same general 
type of bearing should be provided. 

If restraint to warping is to be eliminated, it is neces- 
sary to make some provision for preventing the edges 
of the abutting slabs from being pressed together dur- 
ing warping, particularly near the upper and lower 
surfaces of the slabs. This can be accomplished by 
the introduction of a compressible layer between the 
edges during construction, as was done in the case of 
the test slabs, or perhaps better by so shaping the slab 
edges that the necessary clearance will be provided in 
a manner similar to that suggested in connection with 
the plane-of-weakness joints. 

The amount of steel that must be placed in a warping 
joint in order to hold the slab edges together depends 
primarily upon the amount of resistance to horizontal 
movement to be overcome and upon the unit stress 
permissible in the steel. 

Tn joints that contain bonded steel the use of designs 
that do not permit large resisting moments to develop 
in the joint is desirable for two reasons. In the first 
place, the prevention of these moments relieves the 
concrete of the stresses arising from warping restraint 
and thus conserves its strength for Joad-carrying pur- 
poses. In the second place, the prevention of these 
moments will further protect the pavement structure 
by preventing the steel in the bonded dowels or tie- 
bars from being overstressed in tension. 

The amount of bonded steel likely to be used across 
a longitudinal joint will be sufficient to prevent large 
separations of the two slab edges during contraction, 
but will be insufficient to prevent some separation ol 
the slab edges resulting from angular change during 
warping. Indeed it is desirable that the amount of 
restraint to these rotational movements during warping 
be kept as small as possible. A given temperature 
differential in the pavement tends to cause a given 
rotational movement of the abutting faces at the joint. 
If this rotation brings the concrete into tight contact, 
it, develops compression in the concrete and this tends 
to separate the slab edges by a certain amount at the 
plane of the steel. For a given percentage of steel 
taking tension, the magnitude of the tensile stress 
developed in the steel when this given separation 
occurs will depend directly upon the effective length 
of the steel that is yielding under the tension. 

If the bond is deliberately prevented for a few inches 
in the center of the bar, as for example, with a coating 








of bitumen, more bar length would be available to 
yield under the given force. The unit deformation in 
the critical section of the bar would be smaller, and 
the stress would be correspondingly reduced. ‘The net 
result would be less restraint in the joint for a given 
temperature differential and a given percentage of 
steel. Furthermore, such a coating would protect 
from corrosion the most vulnerable part of the bar. ? 

With designs that will permit resisting moments to 
develop during warping it is not possible to calculate 
the amount of steel required, but with these moments 
eliminated the calculation becomes a relatively simple 
matter. 

In the discussion of joints in this article there has 
been presented (1) a brief history of joint development 
up to the time at which this investigation was planned; 
(2) a description of the joints that were studied and of 
the manner in which they were tested; (3) a presenta- 
tion and discussion of all pertinent data bearing upon 
the ability of the various joint designs to relieve the 
stresses caused by expansion, contraction, restrained 
warping, and applied load; and (4) a discussion of 
certain improvements in design suggested by the results 
of the tests. 

CONCLUSIONS 


The following statements give what are believed to 
be the most important conclusions to be drawn as a 
result of this study: 

1. Joints are installed in concrete pavements for the 
purpose of conserving the natural flexural strength of 
the slab for its primary function of carrying loads. 
This is accomplished through the relief and control of 
the stresses caused by expansion, contraction, and 
restrained warping. Joints in concrete pavements 
should therefore be so designed and so spaced as to 
permit the entire pavement to expand, contract, and 
warp with a minimum of restraint. 

2. While the proper spacing of joints to accomplish 
this end was not definitely determined by this investi- 
gation, it is indicated that joints to control warping 
should be spaced at intervals of the general order of 
10 feet, that expansion will be satisfactorily cared for 
by suitable joints at intervals of approximately 100 
feet, and that contraction joints should be installed 
at some lesser interval, the length of which must be 
such that the direct tensile stresses in the concrete are 
definitely limited to low values. Data presented in 
the second report of this series indicate that under 
the conditions of these tests a slab length of the order 
of 30 feet would accomplish this. 

3. Since a free edge is a structural weak spot in a 
slab of uniform thickness, it is necessary to strengthen 
the joint edges by thickening the slab at this point or 
by the introduction of some mechanism for transferring 
a part of the applied load across the joint to the 
adjacent slab. Otherwise, the strength of the joint 
edge will determine the load-carrying capacity of the 
pavement. 

4. The structural effectiveness of a joint design is 
measured by its ability to reduce the critical edge 
stress to a value equal to the critical stress which 
exists in the interior area of the slab. 

5. The most critical stress caused by a load applied 
at a joint but away from a corner is that directly under 
the load in a direction parallel to the joint. It is 
especially desirable to control these stresses along a 


7 The idea of coating the midsection of bonded bars with bitumen was suggested 
by Mr. Bengt Friberg. 
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longitudinal joint so as to limit the combined load and 
warping stress to a value that will be unlikely to cause 
transverse cracking. 

5. The most critical stress caused by a load applied 
at the free corner of a slab of constant thickness is a 
tensile stress along the bisector of the corner angle and 
at some distance from the center of load application, 
Kdge thickening reduces this critical stress considerably 
and at interior corners the action of the longitudinal and 
transverse joints frequently reduces the critical corner 
stress to relatively low values. 

7. There is nothing in the results of these tests to in- 
dicate that edge thickening cannot be applied to the 
transverse edges of concrete pavement slabs with as 
much suecess as to the longitudinal edges. If the full 
benefits of edge thickening are to be obtained in either 
case, the slabs must be short. 

8. The doweled transverse joints tested in this investi- 
gation were found to be quite effective in relieving the 
stresses caused by expansion, contraction, and warping. 
They were not particularly effective, however, in con- 
trolling the critical stress caused by a load applied near 
the jomt edge. 

9. The tests indicate that doweled joints as they are 
usually designed are deficient in two important respects: 

a. The individual units are not sufficiently close 
together to control effectively the stress developed 
directly under the load. 

b. For joint openings such as are usually em- 
ployed in expansion joints, the individual dowels 
are not sufficiently stiff to transfer load effectively. 
Increasing the stiffness of the dowels will result in 
an undesirable increase in the restraint to warping 
offered by the joimt and for this reason should not 
be carried too far. 

10. The continuous plate key or dowel plate as used 
in these tests appears to have considerable merit as a 
means for load transfer. The joint as built for the tests 
offers more resistance to expansion and contraction than 
is desirable and for this and other reasons it is believed 
that a further study of the type should be made. 

11. Aggregate interlock as it occurs in the weakened- 
plane joints cannot be depended upon to control load 
stresses. Even when joints of this type are held closed 
by bonded steel bars there is a wide variation in the 
value of the critical stress caused by a given load, from 
side to side of the joint and from point to point along 
it. For this reason it appears necessary to provide 
independent means for load transfer in plane-of-weak- 
ness joints. 








12. The joints of the tongue-and-groove type that 
were held closed by bonded steel bars were found to be 
the most efficient structurally of any of those tested. 
It appears, however, that certain modifications of the 
designs might improve their action by permitting the 
slabs to warp more freely and at the same time main- 
taining the bearing between the tongue and the 
eToove. 

13. It was shown in the second report of this series 
that over a considerable period of time there may be a 
permanent increase in the length of the pavement slab. 
In designing the expansion joints for a pavement, con- 
sideration should be given to this possibility and some 
allowance made for it. 








PUBLICATION ON HIGHWAY BONDS AVAILABLE 


Highway Bond Calculations, by Laurence I. Hewes 
and James W. Glover, has recently been published by 
the United States Department of Agriculture. This 
publication consists of selected sections of Department 
Bulletin 136, Highway Bonds, as published in 1917, the 
supply of which has been exhausted for some years. 

Sinking-fund, serial, and annuity bonds are described 
in detail and their relative merits are compared.  Defi- 
nitions of the terms involved are given, together with 
explanations and derivations of essential formulas. 
Numerous examples of typical problems and their solu- 
tions are presented. Several tables to seven decimal 
places for 60 intervals and 14 interest rates are included, 
making the publication a useful reference in making 
bond calculations. 

Copies of Highway Bond Calculations may be pur- 
chased from the Superintendent of Documents, Govern- 
ment Printing Office, Washington, D. C., for 10 cents 
each. 








HIGHWAY RESEARCH BOARD TO MEET 
IN NOVEMBER 


The August 1936 issue of Pusiic Roapbs carried on 
page 127 a notice of the Sixteenth Annual Meeting of 
the Highway Research Board. The notice was in- 
correctly headed ‘‘Highway Research Board to meet 
in December.” As stated in the text of the notice, 
this meeting will be held in Washington, D. C., Novem- 
ber 18-20, 1936. 
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DISPOSITION OF STATE MOTOR- 


{Compiled from reports of State authorities] 














For State highway purposes 
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year! te.? uted * are pata and ad- | highway| state ate- | and other highway 
Cue tration | poses4 aes police 6 t assumed ; 
ministra- highway local obli- short- Total purposes 
tion 5 bonds ations’? term 
g loans 
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1 Amounts tabulated in this column differ from totals given in a previous table issued by the Bureau—State motor-fuel tax earnings, 1934, as actual collections rather 
than earnings of the calendar year are shown. 

2TIn many States amounts distributed during the calendar year differ from actual collections because of undistributed balances carried over and lags between accounts of 
collecting and expending agencies. Proceeds of tax on gasoline used in aviation in Idaho, Michigan, Oregon, and Wyoming have been deducted as not being highway user 
taxes; also tax on nonhighway fuel in Ohio. 

3 In many States the proceeds of motor-fuel taxes, motor-vehicle fees, and motor-carrier taxes are placed in a common fund from which the distribution is made. In these 
cases the amounts distributed have been prorated in proportion to the receipts, not otherwise dedicated, from these three sources of revenue. See tables pp. 193, 196, and 197. 

4 Where reported separately from collection expenses, funds allotted for expenses of motor-fuel inspection, administration of motor vehicle department, and regulation of 
motor vehicles are shown in this column. ‘ 

5 Includes funds allotted for expenditure on urban extensions of State highway system, where reported separately from other funds allotted for local roads and streets. 

6 In cases where expenses of State highway police are paid out of State highway funds without specific allocations, expenditures for this purpose have been prorated in 
proportion to receipts not otherwise dedicated. See tables pp. 193, 196, and 197. 

7 County or local obligations assumed by State as reimbursement for local roads added to State system. 

8 In Statesindicated by star (*) the law provides that allotments for work on local roads or streets may also be used for service of local highway obligations, but amounts 
so used were not reported separately. 

® In a number of States allotments for local road work may be used on city streets. This column shows allotments which were reported separately. 

10 Except as noted, to State general funds for nonhighway purposes. Payments to county or municipal general funds may have been distributed in part for highways, 
but amounts were not reported. 

1 Law in effect in 1934 provided that in counties of less than 18,000 population, 20 percent of the allotment could be used for schools. Amount so used not reported, 

? For engineering expenses in connection with irrigation. 
* Funds allotted to counties for use on both State and local roads. 

14 Paid out of general revenue. Amount not reported. 

18 For Dade Memorial Park, $365: Division of Airways, $8,842. 

16 For construction of prison camps. 

11 To ports of New Orleans and Lake Charles Harbor for harbor improvement. ' 

'8 To Conservation Department for oyster propagation, in consideration of fuel tax paid by motor workboats, $75,000; to Chesapeake Bay ferry companies, $35,040. ¢ 





PUBLIC ROADS 


October 1936 

















{Compiled from reports of State authorities] 


= FUEL TAX RECEIPTS. 1934 ; aS 





For local roads and streets 8 








For other 


For nonhighway purposes 





highway 
For work Service pele DOSES F lief : 
For work (park and OF TOL? : State 
ie pao} on city A — Total forest roads, To general of unem- For edu- For other Total 
nd loca Beroats ighway etc.) funds 10 ployment or cation purposes 


roads 


obligations 








11 $4, 600, 615 
+906, 932 
966, 476 

*12, 080, 284 
13-1) 508, 500 


2, 301, 013 

88, 186 
*6, 173, 917 
6, 921, 200 
*4, 806, 000 
2, 529, O11 


508, 840 
1, 377, 151 
2) 237, 374 
*6, 772, 993 
+3) 651, 250 
*2, 845, 819 


*7, 949, 377 
28 ef 382, 986 
730, 000 

29 6, 695, 750 
*2, 651, 067 
+] 186, 604 
+2) 472, 490 


983, 286 

36 5, 435, 891 
*6, 063, 628 
28 769, 753 
3, 378, 440 
413, 853 


*$6, 954, 228 
1, 730, 300 





1, 925, 137. 





23 21, 567 
753, 249 








destitution 





$4, 600, 615 
906, 932 

1, 118, 500 
12, 080, 284 
1, 508, 500 


4, 644, 337 
2, 301, 013 

88, 186 
13, 128, 145 
8, 651, 500 
4, 806, 000 
2, 529, 011 


508, 840 
4, 763, 024 
2, 237, 374 
6, 772, 993 
3, 651, 250 
2, 845, 819 


91, 567 
3, 130, 692 


7, 949, 377 
3, 382, 986 

730, 000 
11, 478, 710 
2, 651, 067 
1, 186, 604 
2, 726, 988 


983, 286 
5, 435, 891 
6, 063, 628 

769, 753 
3, 878, 861 

413, 853 
1, 925, 137 


12, 960 
4, 250 


27 26, 807, 757 
1, 380, 840 


$302, 310 
189, 404 








18 9, 207 
16 2, 225 





$306, 040 
189, 404 


2, 331, 376 
2, 387, 908 


33 1, 907, 073 
342, 193, 917 


26, 807, 757 
1, 380, 840 

~~ 9, 085, 796 
3, 181, 281 
ean, 73, 420, 
285, 922 
1,907,073 
2, 781, 250 

7, 887, 004 





112, 916, 486 


18, 862, 763 











6, 559, 533 





138, 338, 782 





703, 584 





43, 959, 286 





8, 769, 108 





26, 886, 432 





9, 311, 996 





88, 926, 822 








Alabama. 
Arizona. 
Arkansas. 
California. 
Colorado. 
Connecticut. 
Delaware, 
Florida. 
Georgia. 
Idaho. 

Illinois. 
Indiana, 

Iowa. 

Kansas. 
Kentucky. 
Louisiana. 
Maine. 
Maryland. 
Massachusetts. 
Michigan. 
Minnesota. 
Mississippi. 
Missouri. 
Montana. 
Nebraska. 
Nevada. 

New Hampshire. 
New Jersey. 
New Mexico. 
New York.%6 
North Carolina, 
North Dakota. 
Ohio. 
Oklahoma. 
Oregon. 
Pennsylvania. 
Rhode Island. 
South Carolina. 
South Dakota. 
Tennessee. 
Texas. 

Utah. 
Vermont. 
Virginia. 
Washington. 
West Virginia. 
Wisconsin. 
Wyoming. 


District of Columbia. 


Total 





19 Paid out of general revenue, $173,984. 


20 For service of general State debt. 
21 Paid out of general revenue; estimated expense, $2,696. 
22 Included with expenses of motor vehicle department. 
23 Pro rata share of $44,638 paid for interest on highway relief bonds, a State obligation issued for improvement of local roads. 


See following table. 


30 In addition to the change in undistributed balances this adjustment includes amount of loan from liquid-fuel tax fund to general funds for relief purposes, $1,650,000, and 
pro rata share of similar loan from motor license fund, $1,705,704. Law provides that these loans shall be repaid; they are therefore not included in the distribution. 

31 To Bureau of Aeronautics, $26,782; cooperative work other State departments, $46,638. 

32 Paid out of motor-vehicle fees, $15, 315, 

33 To rural credit bond and interest fund. 

34 For service of general fund bonds, $1,994,470; service of Great Smoky Mountain Park bonds, $199,447. 

35 Appropriation for part of expenses of Division of Motor Vehicles, which collects the motor- fuel tax. 

36 For county roads under State control in all but three counties, $5, 232,575; transferred to remaining three counties, $203,316. 

37 For aviation purposes. 

38 For service of $10,000,000 emergency relief bond issue, of which approximately $1,000,000 has been assigned to the State Highway Department for road work. 


% Return of loan made to sinking fund in 1933 from motor-fuel tax funds. 

25 For service of institution construction bonds, $326,475; reserve for service of unissued bonds, $244,775; to Department of Commerce and Navigation, $90,000. 

25 General fund appropriations for highway purposes have been credited against payments of motor-fuel tax and motor-vehicle fees to the State general fund, and prorated 
in proportion to net receipts not otherwise dedicated. See following table. General fund appropriations for State police, $2,223,955, are not included, as amount assignable 
to highway traffic purposes was not reported. 

27 Includes the following: Emergency 1-cent tax to State general fund, $14,542,523; net to State general fund after crediting expenses for highway purposes, $10,810,945; to 
general fund of New York City, $1,454,289. 

8 For county roads under State control. 

29 Under law effective in 1934 all or any portion of county and municipal allotments could be expended for work or poor relief. Amount so expended not reported. In 
cities situated on State highways one-sixth of municipal allotment to be used on urban extensions of State system. 

36 Includes the following: To State general fund, $1,000,000; to towns, cities, and villages in lieu of personal property tax formerly imposed on motor vehicles, $2,162,967. 
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For State highway purposes 
oe Service of State highway obligati 
: Expenses | other ¥ obhgations 
Specs eR gt Net total | of collec- | admin- | Construc- 
State S ee * | funds dis- | tion and istra- tion, main- Total for 
calendar | tributed bal-! tributed 3 | adminis- | tive tenance, noe State- Ae State 
year ! ances, etc. tration 4 pur- and eites y | State assumed th highway 
poses* | adminis- | PC highway local a *. Total purposes 
tration 5 bonds obliga. | 470K 
tions 8 ore 
loans 
Alapaha ee eee $3, 583, 689 $610 | $3,584,299 | $264,033 |---------- S014 102 ieee aa PL OL7 0702 oseee eee | See $1, 617, 075 | $2, 631, 267 
Az Ona ee een ee 759, 246 —15, 743 743, 503 1B8 S60 aeons a SSOFUZS e283; LOG | eee see | cle eens aceon O8 eee na ed en 603, 373 
AT renicass eee eee O10831(080) es eee 2, 233, 032 10612 see eee 80272045 | nea 606, 142 | $400, C65 | $293,937 | 1,300,144 | 2, 102, 348 
Californiai.2-.... 522. __| 9,561, 100 —202, 086 | 9,359, 014 | 1, 798, 349 $6,/0008| 25,743; 020i912, O88 020 ie Soe ee ee ne | ee 4, 832, 566 
Goloradon: stems see ees DIVAS (65 (eee ee 2, 148, 657 243, 235 B95 808 lS oe ee tera wre arama re ee Le ee | ee ee | 
@anriecticut 1. we. ane 7, 947, 601 —482, 562 | 7,465, 039 (A8XO07) pecs soteae 3,,590;'603, | aaa vat eaalsaan esa cece asus cence oe 3, 590, 663 
Delawaroee seen oe eee O66612i"| Sete kode 966, 612 Cire a Re eee 679, 695 66, 950 80, 692 IBY fit] HE eee SS 219, 967 966, 612 
Rilonidas 22 eee eee eee 4, 465, 768 —12,857 | 4,452,911 B14, 907) 162; 616 eo esas al. aoe sone ease ancl a= eee oe ee oy | | 
Goortiaste.. eae eee 1, 192, 854 5,136 | 1,197, 990 148, 360 38,624) D011, O61) ores asec e | eens sae Seer | ee eee S| ee 1, 011, 061 
Tdahole = Lee soar eee 1, 561, 216 2,832 | 1,664, 048 Wily SOs aoe ae 146; 20 | oie ps ee cae | oe oe | ee ee | eee 146, 211 
iNlibsiikieae pean eae 18, 284, 195 847, 005'| 19,131,200 | 1, 158,468 |_---.---_- 5, 903, 274 | 846,754 | 8, 231, 100 AGI, OL i Sees ees 8, 672,115 | 15, 422, 143 
ifsVahiholquee eS oboe 7, 260, 187 29,850 | 7, 290, 037 Ua OOE eae 2, 941503531) 206, 6249) 5 Seas 2 ee ee | Oe ee eee | eee 3, 148, 159 
TOW ae See eee 9, 475, 978 —165,090 | 9,310, 888 645; 340 j)2oesee sone 3; GOV) 807 esos se ee 6; 057, GOL) | Sopa ence 5, 057,691 | 8, 665, 548 
Kansas 22 9 es eae 3, 277, 935 13, 569 | 3, 291, 504 216 )801s eee 1, 830, 897 28, O24 eens aoe 26D; 1020| Sooo ees 265,192 | 2,120, 013 
anttcioy. 3. een 3, 152, 115 —43,100 | 3,109,015 374,169) o eee = 2, 321, 681 Uj OSs eee e a sale Ae | nie eee eee 2, 329, 499 
WOwisiania seen eens 4, 379, 926 —43,430 | 4,336, 496 187408 eae ae 3, 419, 772 | 291, 416 312,850! || 2-3 sesso leone oeee ee 312, 850 | 4, 024, 038 
Nainet ose. 2 ee ee B100C7500) | eee 3, 096, 369 89, 653 12, 231 | 1, 849, 687 62, 212 (41,426) | ee Sees ieee eee 741, 426 | 2, 653, 325 
Maryland... ns. e =) 3, 856, 497 331,665 | 4, 188, 162 370, 772 34,077 | 2,099, 404 | 210, 138 635, 566 635, 566 | 2,945, 108 
Massachusetts_-_---__- 8 7 070) 1 66 r| Cote eee ee ae 7, 070, 766 | 1, 362, 468 35, 000 | 3, 060,842 | 141, 060 209, 385 209, 385 | 3, 411, 287 
INDichican ss: aeeee ames 15, 901, 018 —188, 394 | 15, 712,624 | 1,053, 714 |--------_- 100, 000s 200;000) |i 22e eo oo eee aes |C eee eee 300, 000 
Whales 6, 866, 573 14,452 | 6, 881, 025 484,732 | 360,000 | 2, 145, 855 47, 773 | 2, 162, 000 3, 788, 425 | 5, 982, 053 
IMNISSiSssip pile ees eee ee 1, 950, 393 811 | 1,951, 204 96,446 2 -o eae 2 170, 383 E202 eee et eee | ee ae ees | eee 171, 615 
Missouninceen st) aeeeeme TRE RCN |e a oe 7, 374, 482 469\603)/| oan aeeeee 3, 703, 230 82, 447 | 3,119, 152 3,119, 152 | 6, 904, 829 
Montana___-_- ae el OF 14070"729'7)| eee ee 1, 070, 797 UBS 90025 fl eee eee ees See =| |e el eae eee seer eo 
Nebraskaee sane. so aeo ss 1, 895, 889 16,107 | 1,911, 996 19; S109 _ eames 580 )020) | 22 ae ee eee nn ee eee ee eee eee | eee ee 559, 629 
INGA aaa eee 248, 387 —1, 559 246, 828 AGO TDs |e eee 81, 461 25, 455 121, 937 121, 937 228, 853 
New Hampshire___-_- eT 2 460,050 0) eae ae 2, 469, 950 | 17104, 570 |---------- 2, 213,372 | 121, 135 7, 802 7,802 | 2,342, 309 
INcywi Jerse yan omen eee 15,(976, 003 alae ee 15;,975;-508) | dy LVN V4 een oe eee By COL OOS ere wee | 2 ee ae ee ee | 8, 731, 053 
New: Mexicoss2c2nc.2. oe 843, 382 4,176 847, 558 103; 83s | season = 380,000 WS. se see ea al ae ae | See | 335, 751 
New York 20_:____ aa tb wd, 4515628- 0540 eee ee 41, 628, 954 | 2, 266, 412 |_-----_-_- C7020 067i ee eee 4 S78; O884) 32 o en asec eee 4, 878, 588 | 11, 808, 555 
North Garolinass sss suees Pu LAS 7 ee ae ee ee 7, 114, 174 244, 884! 22= See. 2, 331, 804 32, 514 | 2, 654, 351 1355026 5)22 2 eee 2,789, 377 | 5, 153, 695 
Worth IDakotassssess seen 1, 299, 126 —15,103 | 1, 284, 023 84,0230 | oe ee 100,000 jesse ash (toe aes ae alles ea ee ee em 100, 000 
Ohidsc comes a es 20, 273, 129 32, 458 | 20, 305, 587 O41, (670) | ee eee 3,'540, 03.0) |i (152530740) Sees 2 = eee | ee el Oe __.| 3, 693, 004 
Oklahoma_____- eee eae 3, 524, 084 56, 748 | 3, 580, 832 641,805) |--- 2-2 SU BOD, (G6 0 i see ea ee eee | 1, 209, 660 
Oregons oe FE 2 AS 715 —79, 482 | 2, 169, 233 21S Mes eee 858, 447 51, 866 667, 256 667, 256 | 1,577, 569 
Pennsylvanise. eee eeee 82, 795, 312 | 22—1, 934, 296 | 30, 861,016 | 1, 582,656 |--------_- 24, 577,379 | 796,985 | 3, 502, 205 3, 502, 205 | 28, 876, 569 
Rhode Island____________-_ DF D7GeV 7S pees Ss ee es 2, 279, 178 261, 996 15;315)})," 1,690, 079 se ea |e ee eee |e ee a ere 1, 590, 079 
South @aroling2) =.) D188 5480) ill eee eee 2, 138, 480 1703644) Sous seen Se 207,881 | 170, 248 240, 448 1, 584, 707 | 1, 962, 836 
South Dakota. 2 sss ee ee 1, 313, 813 3,179 | 1,316,992 AD, BS fail ees, 2515100 | 2-2 28k 2s [te eee Ee ee Cee 251, 100 
Monnessecseeen eee eee 3, 440, 904 —15,070 | 3, 425, 834 So (103 See = 2, 255,986 | 181, 418 183, 860 316, 856 | 2,754, 260 : 
(PSxAGn St hoe 2 ene ee 14, 719, 736 1,271 | 14, 721, 007 867,069 |2e-- eee S813; O12 le 231, 328i io eae oe ene ee ee ee 4, 604, 895 
Uae Sos ie ee enna 965, 601 —192, 329 773, 272 08,272) sana sa eee 145, 539 4, 461 525, 000 525, 000 675, 000 j 
Vermont.22 8-220 see 2, 157, 314 14, 366 | 2,171, 680 LOSKOOQG Seeeeemeee O03; 760) 2 asa ae ao 368, 215 368, 215 871, 966 
Vinod = eee eee 4, 948, 613 172,965 | 5,121,578 320 LOD Gee oe 4,421,278 | 182, 858 186, 069 186,069 | 4,790, 205 
Wiashine tomes 22 seen 6,065) 8920 aaa ee By OG5 88201 ns OS 413) e0L8(,08 Cale 2s Ly ALOom MeL Os 0 tees eee eee fare a ete | eee ae eee ee 2, 551, 022 
Wrest virginia. = eee 5s 023,10 0418 eer s eae ee 5, 623, 924 48,024 s|22- = ono 2, 147, 838 22,725 | 2, 642, 032 2, 642,032 | 4, 812, 595 ¢ 
WHS CorlsiTin ane omen eee 10, 050, 779 1, 658, 863 | 11, 709, 642 642, 275 SON OCU MO) C8, S050 seme nee Rew ee 1, 379, 389 | 7, 060, 782 
Wivoming se: sees AAS TCS 2 a agen ieee 448, 642 TOLO00 see 266, 133 6, 509 166, 000 166, 000 438, 642 
District of Columbia_-____- G05; 8000) ee ee oan ee 605, 309 83, 903 BST AGD! |e = setae ceo | ee a eer pret ae nal ee cee ee oe | , 
Ti Otalaeee a= ee seee S09 HhiNeT6 —185, 038 |309, 326, 838 |21, 700, 364 | 903, 443 /119, 406, 553 |6. 460, 773 |33, 859, 151 |10, 750, 630 | 464, 640 |45, 074, 421 |170, 941, 747 















































' Amounts given in this column differ in many cases from the totals of a previous table issued by the Bureau—State motor-vehicle receipts, 1934, which gives the receipts 
of the 1934 registration period. 4 peas p 

* In many States amounts distributed during the calendar year differ from actual collections because of undistributed balances carried over and lags between accounts of 
collecting and expending agencies. J 4 

’ In many States the proceeds of motor-fuel taxes, motor-vehicle fees, and motor-carrier taxes are placed in a common fund from which the distribution is made. In these 
cases the amounts distributed have been prorated in proportion to the receipts, not otherwise dedicated, from these three sources of revenue. See preceding tables. 

4 Collection expenses in many States include service charges deducted by county and local collectors. The amounts of such charges were estimated for Alabama, Florida, 
Kentucky, Ohio, Oklahoma, Tennessee, and Washington. ; 

5 Where reported separately from regular collection and administrative expenses of motor vehicle departments, funds allotted for collection of the motor-fuel tax, payments 
to auto theft fund, and miscellaneous expenses of motor-vehicle regulation are shown in this column. 

§ Includes funds allotted for expenditure on urban extensions of State highway system, where reported separately from other funds allotted for local roads and streets. 

’ In cases where expenses of State highway police are paid out of State highway funds without specific allocations, expenditures for this purpose haye been prorated in 
proportion to receipts not otherwise dedicated. See preceding tables. 

§ County or local obligations assumed by State as reimbursement for local roads added to State system. ms 

* In States indicated by star (*) the law provides that allotments for work on local roads or streets may also be used for service of local highway obligations, but amounts 
so used were not reported separately. : 

0 In a number of States allotments for local road work may be used on city streets. This column shows allotments which were reported separately. 

Except as noted, to State general funds for nonhighway purposes. Payments to county or municipal general funds may have been distributed in part for highways, but 
amounts were not reported. 

2 To county and municipal general funds. 

‘8 For engineering expenses in connection with irrigation. 
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For local roads and streets 9 











For nonhighway purposes 





























For other 
highway 
Service of PUEDOSES For relief 
For work on For work local (park and ; of unem- 
county and on city highway Total ah ae zene ployment | For edu- For other Total 
local roads streets 10 obliga- co a Bate or desti- cation ROLE OESS 
tions 4 tution 
(oo Sat Sy eS | ee ree ae) iene ee ree EI en eee ee es ER SGSSHOOD sla tam sae ON ae Lr eee Sk $688, 999 
er tree os el eee ee el ee ea eco oe Laan eee on leche adem oeece||S ten cones lieemeneceees ae 13 $1, 271 1271 
eres | Cie Sot | Romans Seo fe nk oa eel Sueeee ns Jee Se oe OOH O72 bl epee gs lore, See Sel Pe erie 60, 072 
BOT ROD) ulaeeueens she (Purse. oes. $2 eer OOO absense le Ge Be El Meet ie LR Be See lh Ae ee Ey id eyed.2 CO ae 
ee ORO dle ta ae (eS TOTS OB6 ieee os eae 798, 541 ZGROST | Bava ase eee eee ee ee 1, 073, 598 
RO Oe |e wees Se Seal |ee eee tio ebrOy OO id lectae See aa |e een na ee Seed eee eS Re ee AME |S SPR... sees SR | No Sere 
Oo cece ES RS ae a eee |e reer | eee Poe Pee tee ee eel oe eee coal RAO li fitaictctn Ma dae <n oI 3, 985, 388 
ne ee ee ete le Ak ae eae lea os aes an =e Sao ek ee ibe sb eee eee tee she 16 245 245 
SBS, 00 kyle mee ees ee ee SS 580) OG 1d: ey eae ee ee ee ee ee Shee tee ee SI eee oe, 764 eee oe eer 
2) ail Deira) Ue a SS eS I ae ee LTD eee eee AAI EROS | eae tee | eee ee ale eee 6 te eee 442, 838 
1, 176, 614 OP ie a ers Sees aS ATOR OSes aes et gOS) Rea 81020 Ha es =e ne Pe LoS Se Sage Spee 3) | ee eS 1, 913, 099 
nay OOU! ete seeres ent zc seaes es) OB4AGO Oa Seen es Oe mae el || ee eee S| Ase eee oe a ee Oe |e 
ZOD rh leo eee eee a ce eee eee AT CH fag hee od I eA eR oe ea ee ON es ees Ce eae oe a ae eee Se | ee 
eee eft 7S 000) ee acee oe ce 175 GO0 Fe aoe eee | Seen = Oe ee Me Be eek as Se ee a eee ee, ee ee, ee OY 
Bad SLO a eeeee sine aen eo woke so SAT GO ei ee eel ee ca EN Fee lee pee eet) re a eee eee |e eee 
14, 979 8235226) eee see SBSe 200i: teases noe ee ee eee | cee ee Roe ee one om amen TL 
fA oN ee 28 ee el eer ee 1, 839, 074 SAD OBI) te tee ie esc et a a a | ee ee oe cee Seance CBNIE ure mo neiee A | ee en eee 
HIBS Oye? al Ee ee ee (ee ee ee Iles ede se ly (hee ees 879403) | eee Cee ie ee ee eal eae ee Se 379, 493 
Se Bae Se a ee ee ee ene ee ee eee Dds 240)! || Se ee See eee eee ee ales ee oe 54, 240 
“An Gek EO es ee ee ee TS OBO LAAs eee rome ak iS [hea as 23, aS ill, ives ele 2s 2 |i a cone APNE Ree Ron eet Seite Reve Ne 
913, 853 PRS eA ee, ee O86! OA ae tee ee ONES eS ere Sa oes | ace ee ee we ee NES Pe een ee et ote 
1, GBR GE ME - Le ea es eee TOT soa Saloni, eae ae | 2) eee ee es odes bE 8 ee eee Sele ee oe sil Mee 
bone eee Eee $23, 071 OBS (ie tee ee |e ee By een 28 Jaleo es Pll Si eae eS ee 5 Sens aa 
DOHLOT LOO" |e ee 905, 230 6, 072, 266 dS OOOO) || ceeeke ees oa oe | eee so oe hake Sie ey ees eel eT Se oe pel gee oh act eee 
L266 4) sae Se eee lie eto ee Sd VLE 2OGN  eaeee caer TOO NTL) \ tebe ates Je. Deen eee Eile eee eo a 296, 710 
= ft deo) at ofan ie ee ee ee ee 82936; L6G. ose. eee EF CUI RS Roll Rk =(°4 Ban ee ees eS ES Se ee ee pee eee 18, 617, 821 
Palle LOS ene eee ee |e ee He 174222085 ee aceeasee PA9  Sroh pe ina sO 2 gall ee ee ee SYN eee A 293, 392 
RNa ernest ee ete oem oe eee Ga or oop aes lGoast Se sscesllngoeeeneoannsule ces. eheeascllenc-sessevoece 231, 100, 000 1, 100, 000 
*2411, 257, 904 BOTA O84 lee see ee ee LORD Ses SSS: ese tae rales we eee ek ee a Ae eae 25 338, 120 338, 120 
THES Gy 0 [sins Sea 2 | ee ee aa 17.20 RSG (hl ecco ol a Se ee ee Senate | eens fd cee, 2 eee ee 
SURO A lea ee leiee lee eS Se 313, 541 DE eth |e Seer ne eee ce a API bees Da a EN 9 ee Se oe aes ae ee 
eas 2 1 Pasta WA OLIV [Ope se 288, 605 1S O27 ee eee ee SERS UR ee Ne ee ap eee es 27 83, 259 83, 259 
aE EannI enor mae Sa eee as eee. Se ee ee See SAS a soe SS eee ek ak oe rel Pwhctal eee: =e ees ase ee 411, 788 
OOO  DO4 Cees ON hoes 2 ee 1, 009, 564 ORGS Ls eae E 2 epee at See es cre | ee oe Se OE ERO |e ee te eee aE eRe ee Se 
oe eee ee | |e SS RS eee ee ee fi. ees 223, 811 26650082 |Peie eb see ce ee ae 489, 864 
e250 4 00 (ieee ae meee ae =e De 5000 all were neem 5 Pee weeeeee Me eee} sete tae oa ee | aed eS ees See ce ere oe 2 en neo ee 
Tt WER brid Sas "5 OAS a TS |S ee TE Le cae Ne Save eer) lt 2 ee ee eee ag 2 eee con Oe ee Se OA ae Se 
DEEP Sree) see ener Sales hans ee SE eee uh cla otamseaeeclocauseodacsson ESR (eet Ee me | So ae fie 8, 268 
pte Us |e eas Oo 2 eel ee pk UP EMT Ob Nees Me hae A OE, IN eee arent, Ege ae ee |e Oe Bd Nae oe ns SIN ee rane Sgt 
CERISE UG | Iie sees SR By ly gd ee Uf ote al Oye Bin ee ie Ee OR Let ee on a ae Se nee ieee ne eee eye ae ee ee 
2, 226, 513 BUS Raa ee ee eee 2, 535, 267 23, 705 Cals IDE ARG ee eg ea SN Ee RS SS eel ae Sees Seer aS 1, 412, 623 
Leno ee G6e| Psat dee 5 ie ee a ee eee) ee ee PAT ROO Lae eee ie ae ween Se pS Ss: a ee 477, 951 
76, 136, O88 5, 986, 964 928, 301 83, 051, 353 600, 892 25, 599, 518 1, 021, 238 38, 985, 388 1, 522, 895 32, 129, 039 


in proportion to net receipts not otherwise dedicated. See preceding table. 
highway traffic purposes was not reported. Ae See ‘ ‘ 
2 Includes the following: Net to State general fund after crediting appropriations for highway purposes, $14,540,408; to New York City general fund, $4,077,413, 


purposes. 


th 



































State 





Alabama, 
Arizona. 
Arkansas. 
California. 
Colorado. 
Connecticut. 
Delaware. 
Florida, 
Georgia. 
Idaho. 

Iilinois. 
Indiana. 

Iowa. 

Kansas. 
Kentucky. 
Louisiana. 
Maine. 
Maryland. 
Massachusetts. 
Michigan. 
Minnesota. 
Mississippi. 
Missouri. 
Montana. 
Nebraska. 
Nevada. 

New Hampshire. 
New Jersey. 
New Mexico. 
New York.20 
North Carolina. 
North Dakota. 
Ohio. 
Oklahoma, 
Oregon. 
Pennsylvania, 
Rhode Island, 
South Carolina. 
South Dakota. 
Tennessee. 
Texas. 

Utah. 
Vermont. 
Virginia. 
Washington. 
West Virginia. 
Wisconsin, 
Wyoming. 
District of Columbia 


Total. 








14 Funds allotted to counties for use on both State and local roads. 
15 Paid out of general revenue. 

16 For construction of prison camps. 
17 Includes expenses of motor-fuel tax collection. 

18 To Commission for Elimination of Toll Bridges. 
19 To State general fund, $111,266; to county general funds, $185,444. : : 
20 General fund appropriations for highway purposes have been credited against payments of motor-fuel tax and motor-vehicle fees to the State general fund, ana prorated 


2 For county roads under State control. 
*5 To real estate bond and interest fund. , : f F ; : 
24 General law provides that this allotment shall be used for highway purposes. It is provided, however, that during 1933, 1934, and 1935 amounts shall be paid to coun- 
ties and townships, for other than highway purposes, equal to amounts which would have been produced by the 1930 levies on personal property for other than highway 


Amounts so diverted were not reported. 


2 For hospitalization of indigent persons injured in motor-vehicle accidents. 


26 Pro rata share of temporary loan from motor-license fund to general fund for relief purposes. 


e distribution. 


27'To Bureau of Aeronautics, $30,372; cooperative work other departments, $52,887. ; 
28 To towns, cities, and villages in lieu of personal property tax formerly imposed on motor yehicles. 


2” To District of Columbia general fund, United States Treasury. 


General fund appropriations for State police, $2,223,955, are not included, as amount assignable to 


Law provides that loan shall be repaid. It is, therefore, not included in 
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DISPOSITION OF RECEIPTS FROM STATE 


{Compiled from reports of State authorities] 


















































For State highway purposes 
Net total | Adjustments ere pees Bane 2 Service of State highway obligations 
: receipts of | due to undis- ‘s . F F 
State ; funds dis- | tion and | tion, main- Total for 
calendar tributed bal-| “tributed | adminis- | tenance, oes State- Notes State 
vical ances, etc. tration 3 and 18 lie ay! State assumed | and other highway 
adminis- | POUCe | highway local short- Total purposes 
tration 4 bonds obliga- term 
tions 6 loans 

SAD BS IL eee CS on ee ee $12, 878, 097 —$3, 513 |$12, 874, 584 $295, 237 | $3, 226, 612 C24 OB0TIS4024,. 043 alamo aes | eeeeeeeee aes $4, 024, 048 | $7, 274, 685 
ATIZOna ses SRE is A on 3, 888, 574 —17, 941 8, 870, 633 189, 748 2, 371, 631 Q4,/81 76 |e eke eee Se oe | ee ee ee 2, 466, 448 
ATKANSOSS sae tee eee ee ee 10, 029, 085 429, 484 | 10, 458, 569 340, 709 BPOoS OOo || ee eee 2, 522, 588 |$1, 664, 953 |$1, 223, 280 5, 410, 821 8, 749, 360 
Oaliforniate.c2) es eee eee 47, 959, 744 —344, 142 | 47,615,602 | 2,392,316 | 27, 207,057 |2, 088, 920 SOO O00 | Be Spee ee res | ee ees 800, 000 | 30, 095, 977 
Colotadd:.s--tene et eee ee 8, 779, 750 16, 275 8, 796, 025 366, 822 3,203, O89) |G ee oo ae SE see eee eee ell ee eee 3, 253, 689 
Wonnechicit eases oes eee eee 12, 953, 554 — 622, 627 | 12, 330, 927 782, 411 BBLS so 4 Sg sa lee ee ee eee ree ae 8, 318, 348 
Delaware s = eos see eee eee ees Ona UY RIBS Wo Ea at Se Bete 2, 154, 138 (15) 1, 514, 732 149, 201 179, 825 BLOKSOO seen eee 490, 205 2, 154, 138 
Hloridac sate a a eee See ae eee ee 20, 933, 929 —6, 542 | 20, 927, 387 520, 913 6, 943, 560. BSp LOS: | See eet 2,322,)169\j| oe eae 2, 322, 169 9, 303, 897 
Georgia== 2 = eee ee Oe 15, 706, 397 2,494 | 15, 708, 891 (28504. 0 L0).290; SGU Y | aie Ee ee ee |e ee ee ee 10, 290, 961 
ldahos. 2 ae ie ee Ee 4, 455, 362 — 20, 370 4, 434, 992 108, 375 2, 683464 || eee ees NA SOA aren, See eee ee 214, 304 2, 897, 768 
Dilinois=s = 522 ee ewes 47, 498, 852 975, 215 | 48, 474, 067 | 1,306,987 | 13, 854, 136 846, 754 | 8, 231, 100 AAT O16 | Peceeenee 8, 672,115 | 23,373, 005 
indiana te. 02 coe eee See, 24, 630, 674 CUTER OX AGv ARO ee |) TCG Roi | Ti ieR SOR) OaGyre IEE TT oh. 11, 799, 659 
TOW iat 2 en eee be a ene: eae 20, 885, 781 —205, 800 | 20, 679, 981 848) 468- | x65145 000 |Get Se sie ee ee $614 boule sameeren 8, 614, 5386 | 14, 759, 685 
Kiansage 2222 soe eee ye ee ee 12, 453, 578 —32, 772 | 12, 420, 806 766, 141 6, 904, 056 150;/609 15 Seeeae = ee 100050008 aaa == 1, 000, 000 8, 054, 665 
Kentucky -_-_..- = Ne oe BS Lee pant SS 12, 411, 826 —138, 782 | 12,398, 044 495, 500 | 11, 486, 111 11, 086.0223. 222 Seles «seb osoes | ee 5 ees eee ee ee 11, 497, 197 
WOUISiani a’ 200 oe ee eee 13, 290, 662 — 569, 850 | 12, 720, 812 199, 314 3, 419, 772 291-416 s\'6, SOGeO0 4a) anes ee | ee See 6, 853, 334 | 10, 564, 522 
Maine. ee ne ee ne. 7, 590, 566 D Ibiza 07.503, 145 | 32, 3094, GOST480, Tel D OOO 8417261 9 |main| nna 1, 847, 261 | 6,610, 750 
Maryland: 2. sa eee ome tt as 12, 147, 621 831/666) |) 12) 470) 286" | 422,149) 4'1159, 4828 7910) 188 1,963,288) ee ene | ole omnes 1, 963, 288 | 6, 332, 908 
Massachusettse ss eee ae eee DAS OV 417 6a eee ees 24,074,176 | 1, 447, 468 6, 784, 588 312, 670 AGA! Lo See ee eee ee 464, 118 7, 561, 376 
IMD Chig ant sa. = ane eee ne 37, 045, 507 —188, 730 | 36, 856,777 | 1,369,849 | 10, 068, 715 200000545 O82. OGO!s | ete eee | ee ee 4, 082, 060 | 14, 350, 775 
Minnesotan ice seen nee gee 17, 729, 164 —798, 295 | 16,930,869 | 861,947 | 8,388,259 | 186,748 | 2, 162,000 | 1, 626,425 |___________ 3, 788, 425 | 12, 363, 432 
Mississippi_____________- Bofys st Sara 8, 883, 542 =p ill ouuneney | MylaeGeey | Eyam iets || OMe TT 3, 801, 570 
IMEISSOUTIS: seo) — Sees See teen 17, 381, 588 —279, 667 | 17,101, 921 671, 927 8, 811, 811 1962183 AF 4225 O00 eee ee eee a | eee eee 7,422,000 | 16, 429, 994 
NEONTANG Boake Serer seen = Sere 4, 678, 230 — 146, 566 4, 531, 664 167, 845 25584 163alones ease 11043552); es eee ee eee 1, 048, 552 3, 427, 715 
Nebraska 2-5 22 eee ae eee 10, 483, 495 16, 107 | 10, 499, 602 164, 579 Dy: ST Op 22) |G wes es Beta | eee Ne Fey ee ee ee | eee en ee ce a 5, 873, 282 
Nevada 2: 28 ee eee sees gees 1, 277, 923 —1, 729 1, 276, 194 17, 975 1, 077, 659 31, 105 121, 937 ZT NOV Sine ee 149, 455 1, 258, 219 
New Hampshire______- Sausc-e ie 56270" 3005 | eae me ee 5270) S90 Ne 1090220 ls, 28254 0a ett 13 5 | mera 04cm eee |e 713, 194 | 5, 116, 730 
Ney Jersey. 22. aoe eee oe ens 32, 836, 164 23 5, 376, 5387 | 38, 212,701 | 1,159,529 | 16,047, 146 |_________- O43, 468 nee ee eee eee pees eee 7, 543, 463 | 23, 590, 609 
New Mexico-__-__- pd Soe ee 8 ae eae 3, 466, 295 206, 815 3, 673, 110 157, 401 1, 477, 291 133683.:\01 OLE S008) 2 ae. eee | 2 eee ees 1, 616, 809 3, 107, 733 
IN WOOK aie. 5 5 eee eee ee ee S526) 024 eee eee es 85, 256, 524 | 2,357,064 | 12,082,470 |__.___-._- 8, 05869 Hae ee || ee 8, 505, 869 | 20, 588, 339 
North Caroling ses eee eee 24368, 80o \nae een eee ee 24, 368, 873 272, 534 7, 947, 753 110, 822 | 9, 047, 130 AGO S226 Alou meres a 9, 507, 356 | 17, 565, 931 
North Dakota_____- aa ree ___._| 3,533, 066 —16,609 | 3,516,457 | 123,919 | 1, 458, 526 D012) || Sas eee Sons 102, 000 102,000 | 1, 562, 538 
Ohio: 2a Sige ey, ae OOP RP | ae OPACUAS. || TRA as lint, OA Beep) | eee AAUAY || CEG) |PSue bes 19, 253, 540 
Oklahoma_-_---_-- oP eRe ak ae 8S 14, 954, 811 432, 256 | 15, 387, 067 886, 988 6; 9385 BOs | 2a a ne De | ee, | ee -| 6,938, 364 
OPO O12 = ee SA eee 10, 051, 764 —8, 906 | 10, 042, 858 371, 522 4, 380, 658 27370 Loi lt Oo; 200; LO a eee eres ee eee 3, 405, 010 8, 059, 183 
ledciabatsnabygeNablshy sot See See oo Se 66, 153, 684 |33 —6, 720, 424 | 59, 433, 260 | 1, 768,047 | 46, 251, 458 |1, 499, 783 | 6, 590,526 |_.___----__]|_---__-__-- 6, 590, 526 | 54, 341, 767 
EVO OgkS] an) a eens eee 4, 310, 704 4, 310, 704 217, ol SA0So 180 Ga Seen BOLSSTO N= se eee ee 301, 876 3, 335, 683 
South. Caroling eso eee 9, 965, 345 9, 939, 664 188, 908 1, 002, 261 170, 248 | 1, 104,820 | 6, 003, 389 1738, 259 7, 281, 468 8, 453, 977 
SOUb ED ako yes ee eee 5, 362, 102 5, 302, 914 111, 051 2, T8OS226 isa Ate Dele Ae ee | ee ee ae | eee eee 2, 180, 226 
PR Gnnessed. - See shee oe ee eee 17, 759, 512 17, 483, 158 376, 856 5, 039, 941 181, 418 410, 750 | 1,982,685 | 2, 229, 801 4, 573, 236 9, 794, 595 
A OX AGH A(t he ewe eee ee See Oe ee 46, 708, 569 46, 545, 396 | 1,129,829 | 20, 151, 229 23320 | ee Aetste AMES | ee eee eS 7, 887, 004 | 28, 269, 556 
U tale ce se ae ee een ene 8, 672, 796 3, 706, 560 133,313 2, 921, 069 89, 538 525; 000: 22s 2s 2s a eee 525, 000 3, 535, 607 
Wermont 3) eee 4, 099, 453 3, 876, 430 110, 000 O19 <3 900i ete sees 672:(03 1-3 ae ee ee ee ee 672, 031 1, 591, 430 
Mirginis. Sosa ee eb TONOLE 17, 743, 879 531,918 | 11, 085, 390 182, 858 450: O80a| Ges cee se eee eee 450, 080 | 11, 718, 328 
Wiashinetonease sss oe ee Se aa eee 15, 1383, 862 15, 1383, 862 647, 879 7, 221, 609 LZ9: S39) oiler Se es ee ee |e 7, 401, 448 
W.eSbiVarginid, sees oes 22 eee eee 11, 236, 676 11, 236, 676 60, 687 4, 313, 822 PP pay Marts Oye tee te | (eee ae ee eS SEL ee 5, 306, 384 9, 642, 931 
Wiisconsiti: se eee eee eee 26, 430, 872 A, S02 OLSa oO, oGs OO) |) allyl, Oer7 GOMmt 43901040 0) ernest | ae eae 3, 491 54645) 2 eee oe 3, 491, 464 | 17,881, 810 
WIV OmIn sh) Sue ens eee eee 2, 274, 885 — 46, 246 2, 228, 639 29, 434 J, 471, 363 35, 989 278; 000C eas Se eS eee 278, 000 1, 785, 352 
District of Columbia_..___._.--__--| 2, 889, 630 — 206, 871 2, 682, 759 127,858) | asco es NG oS Se oe a a eG eee ee | 

otale eee es =. See eee | SRS NOS O50 —81, 998 |883, 716, 561 |28, 975, 298 |371, 916, 098 |8, 751,098 |88, 402, 352 |35, 781, 764 | 3, 728, 340 |127, 912, 456 |508, 579, 652 



































' Amounts listed include receipts from (1) motor-fuel taxes, (2) motor-vehicle fees and fines, and (3) special imposts on motor vehicles operated for hire (motor-carrier 
taxes). See preceding tables, which give distribution of these three classes of receipts separately. 

? In many States amounts distributed during the calendar year differ from actual collections because of undistributed balances carried over and lags between accounts of 
collecting and expending agencies. Adjustments also include deduction of receipts not classed as highway user imposts, as follows: Proceeds of tax on gasoline used in aviation 
in Idaho, Michigan, Oregon, and Wyoming, and proceeds of tax on non-motor-vehicle fuel in Ohio. 

8 Includes expenses of collection and administration of motor-fuel tax, motor-vehicle fees, and motor-carrier taxes, and miscellaneous expenses of motor-vehicle regulation. 

‘ Includes funds allotted for expenditure on urban extensions of State highway system, where reported separately from other funds allotted for local roads and streets. 

5 County or local obligations assumed as reimbursement for local roads added to State system. 

®° In States indicated by star (*) the law provides that allotments for work on local roads or streets may also be used for service of local highway obligations, but amounts 
so used were not reported separately. 

7 In a number of States allotments for local road work may be used on city streets. This column shows allotments which were reported separately. 

§ Except as noted, to State general funds for nonhighway purposes. Payments to county and municipal general funds may have been distributed in part for highways, 
but amounts were not reported. 

* Law provided that part of county allotments could be used for schools. Amount not reported separately. 

‘© To county and municipal general funds. 

it For engineering expenses in connection with irrigation. 

2 To cities and counties for service of bonded debt. 

'S Funds allotted to counties for use on both State and local roads. 

4 To cities and towns. 

15 Paid out of general revenue. 

16 Includes $7,696 to cities and towns. 

'’ For Dade Memorial Park, $365; Division of Airways, $8,842. ® 

18 For construction of prison camps. 

'8 To ports of New Orleans and Lake Charles harbor for harbor improvement. 
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For local roads and streets ° 





For nonhighway purposes 












































For other 
highway 
pee # ieee 
£ Service park and or relief o State 
eee ae Kees of local Total forest To general unemploy- For educa- For other Total 4 
KOealronds Banter highway a roads, funds 8 ment or tion purposes ; 
* ae obligations etc.) destitution 
MCAS OLOSOOOUNEe sea es = = EE WE ae ae SE D4 Oop OOG ml eee ae en ees 10 SOS SOOO eee ee a: A Ndi oe ee eee pene ey ieee $688, 999 | Alabama. 
OO Oscillator  en 906.0320 | teeeeean See ee ee cee Se $3802) 5 100 a 1 $5, 195 307, 505 | Arizona, 
9604702 leans SeeeeS $152, 024 Tea RS para 0 OY [hays Se eS ae Tel ee a eee oe 200) (O00! Meee ee eae |e eee. 2 eee we 250, 000 | Arkansas. 
DE WOO ena 2 pl tees en | ns tee tee Os LO Soe (en eee er ae eRe | hee oe ee 12 22, 082 22,082 | California. 
DASE OD DASE ead ie 2 ee oe Me Aes eee ZOU, eo ese eee eee 801, 174 LOGS O57) |e tana eee aeeeren le eect ee 2, 795, 231 | Colorado. 
ROP AAD eee eee es Se DLLO RN Lo eee oe a NOY DN oC oe a ee ee eee, ON ee ee ee ee 104, 189 | Connecticut. 
(psa enee ne Sel Sante eee SOS pelt pales SE et ea PEO eS he Se Ae Ti | 9 es ae nn (re es ee eee, OP eee Ae eee es Vee SR 2k eee ee Delaware. 
1 2 ne ae eee 4, 775, 534 SON Oa eee Se oe aN 8320) BOON tens arenas e $3, 987, 971 17 9, 207 6, 827,043 | Florida. 
2. StU LACUS a id ok. Ea Sa Se eae oe Paige Dall BN IS Peo Se Ee ee ee eee. 2 2, 385, 683 18 2,470 2, 388, 153 | Georgia. 
Ss ASE TCE: GIN Ite co ERR yc ace | eI, Oe Boe USCA RCs cha oe ol, FE Ee eS eee eee | Cee a ae Le ee eh eee ee eee Idaho. 
*8, 281, 668 SG, Oot, 22S) | eee eee Lb, 230.00 eet d one oue 4 442, 838 1, 810, 880 GroOt AG Ih | pare tees ee Se 8, 558, 179 | Illinois. 
8, 097, 814 POR ON. He7 eg Re OO OSU ee mete eee ae w USE SIO) S |S es ME |S SS Be OS PO See ne 1, 913,099 | Indiana. 
“ASE OV Al eatele oan | Ch aed Se, | Eee ae Ele tov ass || Fe pe ae | ee a ee ee Bee Bo Se ee ele ee es ae eee ee lowa. 
BOO. OOM a eeee ee ak cal Pe as eer = 3; OOO SOOO | esceme ees ae ee [ae ew SE 2 ee Sey cel | ee ete AP eet eC Ce | CO See So 8 Kansas. 
A0DHS 2 (Olen eee. Se Le Bn Sa LAE (nce Se oh Ye Le a be Oe PS | Be ae i ee es | Se gare ey |e, ee Lee Kentucky. 
. ees 15 000M eee eee iOS 000s teen eee ee DP eee ed |e ee ee 890, 988 19 890, 988 1,781,976 | Louisiana. 
S5URO0O mma ee a | ee ee re HSU KO Valeo ee SES | See ae ees eee ee ee SNe |e ere ree eee |e oe ee eee || oe eee ee re Maine. 
1, 392, 130 3, 220, 743 988, 356 ON PA: 5 ee 1A 8 See parse ee aoe eek Ses 20 110, 040 123,000 | Maryland. 
NOT GSSAR S| eee oe ee = = |e ene ae 4, 076, 448 $937, 473 DG sy Se ee A aE ee EN 9 ae 10, 051, 411 | Massachusetts. 
EO oo aL Oly |e wee es oe ee as Y PAO Raye he BK Onl an 2 ee ere SSONT4S. | ieee ed ae ae EO eee || ct eee 383, 743 | Michigan. 
BOD let20 0) eee ere ee oe ere ee oes HOO ELO Um eee eee ees sf: tel Ie ae | See etl Se ee Oe 54, 240 | Minnesota. 
BSS GOK (i ailaseee oie ee ail Ss Meee eS ATGOOsS Tih cee one Se PAN GH ee ae = Ka eae ae EA 21 264, 534 264, 734 | Mississippi. 
aes a nee (eran ee Senn coe mee [rs ee ee || eR bee oe IG ee =| Le al oe ee ee oe | IV SSOuini. 
913, 853 22: 26 eile ee oa 936 OA 4 trees ern ee etl op eee SEs oe ee Oe a A Re ee A eee Ae ae eee ee Montana. 
*4, 144, 039 SL Om ee eee Bese PaO TE Ce Le eS eg Od ees Se Pes See eee (ee ee Sei mee eae ey are oe eee ee Nebraska. 
Lon sneiede sate ne ot Aor oe eet ea a ere Re ee ae ee ee eee | ee re eee eee ee ee ee Nevada. 
= 5p ee ER eee 22 44, 638 AAS C3 81 Mei tte Sac | mentee lee Oe ee ey Re eee UNG We LLammpshines 
Ls pOder eae ules ste ee een 1, 663, 758 9, 225, 000 Aas OK OOOR || peer tne eee 3, 182, 813 332, 500 25 661, 250 4,176, 563 | New Jersey. 
Teg OSE oa ee Lee ee ee eae LS 266s eee ee BOE296 710 yee | ee ee ea | ee 296,710 | New Mexico. 
BALGNSCOND Lon Ieee eens fo ae ee LOsSsho430 heen see = ZOU NAO) AO i (eee ee eee ee ee en | ere 45, 425, 578 | New York. 27 
fey Wee lly Gilley aie Ss eine | a ae ee M84 CAO Mh eee eee ee eae AOS OOO Us ieee Se ee ce | ee eee eee |e eee eee 1, 682,951 | North Carolina. 
Fae UIE) 7 eset, wees ae De oe ee By EOC) Geen ee ERE bs eee nn = Sy ae NI ae Shs Bare Pe Dall ee A ot ener 30 1, 100, 000 1, 100, 000 | North Dakota. 
31 #18, 117, 973 NT UY nly iN See es ee oA IN eal d ES eS Se ey ee eee ee ee 9, O85, 796 32 338, 120 9, 423, 916 | Ohio. 
LE NECA RU ai Nee <0 ee aa Pe. 2) ee eee ASO SK) ACs i | eee = ie || ee en eee | eee ee ee el ee eS 21 3, 181, 281 3,181, 281 | Oklahoma. 
BA OOO OUQ MNES eneere ec en || erent ei 1, 600, 000. PODS. Eee Sees SID ee oe SE Ce ee oe al ate nee lle ee Oregon. 
*2, 472, 490 SE AU Se |e os 9 ee Ee 3, 015, 593 150, 408 GOO ee ee es |e ae ee 34 156, 679 157,445 | Pennsylvania. 
Sen eens | Bee ie re oe (en een eine ee, |e eae BS a oe! 22 tte COT iO ee eee 697,710 | Rhode Island. 
BLOOD 7 la meee Bee call ee = we SS Ae OO Parl ele eee ees TAU Se ta |b ean eee Ol gE eee he ee nl he pane ee 5, 852 | South Carolina. 
Calas Oh | awe i et 1 ad ee, 1, 009, 564 OST OO0 mer aeems Sates ones Lc Seyi pee 40 1, 907, 073 1, 907, 073 | South Dakota. 
BEO880.03 Oils eee SRE _ See SAORRO20) Be ee eae ee 534, 481 HOA OOM oh ee 35 2, 1938, 917 3, 322, 768 | Tennessee. 
Be) OO UN (oh | eer eee cee ee oa ee etme 200 N00 Gee eee ee eee So eee eee snes TOS e O04) ares Se eeee ee 7, 887, 004 | Texas. 
ae ra ae Sete ee eet |e a eo AN ee sole ela Bee asic YAR oy 0 eal ee ee Renee = pe ee ei a | Sg ya ee Se 37, 640 | Utah. 
Fa a= OSs ee ea ee es ee PAS THAR AU UM no ca eye SO ea een ere ee ene) Bak eee Pe See ee Vermont. 
SL GE ASICS Us eS Se DyAsOL SOL Soa eee 23, 411 20000) |S ee 37 14, 331 57, 742 | Virginia. 
LalgilS OG psy | Sule ee sa ee ee GHISGN4 787 eee a ee eee. eee SEL 38 O AS 40) an eee See | a een es 948,057 | Washington. 
1) LEE A is ee ae Oe eh A APSE TOCA IGS, Soci ys es OE eR Pl eee MN ER Nee bee OAR SO STG 2h ee West Virginia. 
5, 604, 953 SO9S16 5; | eee noe 6, 414, 118 60, 000 SOOT GOI te Seat see a (a Cee ee | eee 5, 197, 691 | Wisconsin. 
AIOE SH SG | Meee os | Come oe ae ATS 53g | eee ee ee areas seta. ee pe es See Oe Coal oe oe eee na At eee ae ee eee ee Wyoming. 
3, O05 53 7. R ees es TR Paral 7e joe ae Te ee Be 20) 630 2047 ee eee eee ao) Se eres aes ee eee 630, 264 | District of Columbia. 
190, 221, 711 24, 849, 727 7, 624, 310 222, 695, 748 1, 316, 034 70, 618, 062 9, 800, 197 30, 874, 403 10, 857, 167 122, 149, 829 Total. 





20 To Conservation Department for oyster propagation, in consideration of fuel tax paid by motor workboats, $75,000; to Chesapeake Bay ferry ccmpenies, $35,(40. 
21 For service of general State debt. 
22 Interest on highway relief bonds, a State obligation issued for improvement of local roads. 
23 Return of loan made to sinking fund in 1933 from motor-fuel tax funds. 
24'To Commission for Elimination of Toll Bridges. 
25 Service of institution construction bonds, $326,475; reserve for service of unissued bonds, $244,775; to Department of Commerce and Navigation, $90,000. 
2 To State general fund, $111,266; to county general funds, $185,444. 


27 General fund appropriations for highway purposes have been credited against payments of motor-fuel tax and motor-vehicle fees to State general fund. 


appropriations for State police, $2,223,955, are not included, as amount assignable to highway traffic purposes was not reported. 
28 Net to State general fund after crediting appropriations for highway purposes, $39,893,876; to New York City general fund, $5,631,702. 
29 For county roads under State control. 
30 For payments on real estate bonds. 


31 Law provided for diversion of county and municipal allotments for relief and general fund purposes. 


32 For hospitalization of indigent persons injured in motor-vehicle accidents. : / 
33 Undistributed balance adjustment, $1,430,424; temporary loans to State general fund for relief purposes, $5,290,000. 
34 To Bureau of Aeronautics, $57,154; cooperative work for other State departments, $99,525. 


35 Service of general fund bonds, $1,994,470; service of Great Smoky Mountain Park bonds, $199,447. 


36 For county roads under State control in all but three counties, $5,282,575; transferred to remaining three counties, $203,316. 
37 For aviation purposes. ; ‘ J 
38 For service of $10,000,000 emergency relief bond issue, of which approximately $1,000,000 has been assigned to the State highway department for road work. 


39 To State general fund, $1,622,101; to towns, cities, and villages in lieu of personal property tax formerly imposed on motor vehicles, $3,575,590. 


40 To District of Columbia general fund, United States Treasury. 


General fund 


Amounts so used not reported. separately. 
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U.S. GOVERNMENT PRINTING OFFICE 


PUBLICATIONS of the BUREAU OF PUBLIC ROADS 





Any of the following publications may be purchased from 
the Superintendent of Documents, Government Printing Office, 
Washington, D.C. As his office is not connected with the 
Department and as the Department does not sell publications, 
please send no remittance to the United States Department of 
Agriculture. 


ANNUAL REPORTS 
Report of the Chief of the Bureau of Public Roads, 


5 cents. 


Report of the Chief of the Bureau of Public Roads, 1927. 


5 cents. 

Report of the Chief of the Bureau of Public Roads, 1928. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1929. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1931. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1933. 
5 cents. 

Report of the Chief of the Bureau of Public Roads, 1934. 
10 cents. 

Report of the Chief of the Bureau of Public Roads, 1935. 


5 cents. 


DEPARTMENT BULLETINS 


No. 583D .. Reports on Experimental Convict Road Camp, 
Fulton County, Ga. 25 cents. 


No. 1279D . . Rural Highway Mileage, Income, and Expendi- 
tures, 1921 and 1922. 15 cents. 


TECHNICAL BULLETINS 


No. 55T ... Highway Bridge Surveys. 20 cents. 
No. 265T ... Electrical Equipment on Movable Bridges. 


35 cents. 


MISCELLANEOUS PUBLICATIONS 


No. 76MP .. The Results of Physical Tests of Road-Building 
Rock. 25 cents. 


1924. 


Federal Legislation and Regulations Relating to Highway 
Construction. 10 cents. 


Supplement No. | to Federal Legislation and Regulations 
Relating to Highway Construction. 5 cents. 


10 cents. 
35 cents. 


No. 191 .... Roadside Improvement. 
The Taxation of Motor Vehicles in 1932. 


An Economic and Statistical Analysis of Highway-Construction 
Expenditures. 15 cents. 


Highway Bond Calculations. 10 cents. 





Single copies of the following publications may be obtained 
from the Bureau of Public Roads upon request. They cannot 
be purchased from the Superintendent of Documents. 


SEPARATE REPRINT FROM THE YEARBOOK 


No. 1036Y .. Road Work on Farm Outlets Needs Skill and 
Right Equipment. 


TRANSPORTATION SURVEY REPORTS 
Report of a Survey of Transportation on the State Highway 
System of Ohio (1927). 


Report of a Survey of Transportation on the State Highways 
of Vermont (1927). 


Report of a Survey of Transportation on the State Highways 
of New Hampshire (1927). 


Report of a Plan of Highway Improvement in the Regional 
Area of Cleveland, Ohio (1928). 


Report of a Survey of Transportation on the State Highways 
of Pennsylvania (1928). 


Report of a Survey of Traffic on the Federal-Aid Highway 
Systems of Eleven Western States (1930). 





A complete list of the publications of the Bureau of Public 
Roads, classified according to subject and including the more 
important articles in Pustic Roaps, may be obtained upon 
request addressed to the U. S. Bureau of Public Roads, Willard 
Building, Washington, D. C. 
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